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l. Scope of Research 
|—1 Goal of the Council for Technology Forecast for 2010 


At the Structural Adjustment Section of the Economic Council we have conducted a new 
review of Japan's long range economic and social prospects up to the year 2010. For this 
goal, we established a “Year 2010 Committee,” in the section and four subcommittees on 
“World Economy,” “Life of the Populace,” “Industrial Economy,” and “Social Capital” 
within that committee. The schedule called for the study to begin in October 1990 and the 
report to be compiled by June 1991. 


There have been outstanding advances in technology in recent years and they have had a 
major impact on industry and the economy. More specifically, our country’s technolugies, 
centered mainly on industry, have reached first-rate levels in the world, and therefore we 
can expect that our country’s technologies will have a major impact on industry and the 
economy in the year 2010 judging trom the increases in expenditures on R&D, etc., in 
recent years. Moreover, global environmental problems such as global warming are being 
addressed throughout the world, and in a situation where there is the danger of major 
limitations on world growth without proper responses, a large amount of hope has been 
placed on technology. 


However, although the Science and Technology Agency requests a technology forecast 
from the Future Engineering Research Institute every few years, their latest assessment 
report was published in 1987, and with the present outstanding progress in technology, it 
can no longer be considered up to date. Moreover, the only existing resources with 
quantitative evaluations of the impact future technologies will have on industry and the 
economy are scattered accounts by various think tanks on individual technologies, and 
these produce market forecasts of from five to ten years at the most. Thus, there have been 
almost no studies in the past that capture systematically the impact future technology will 
have on industry and the economy, and it can clearly be stated that the methodology for 
assessment has not been established as well. 


Therefore, we have established the Council for Technology Forecast for 2010 in the 
Planning Bureau of the Economic Planning Agency, and we have conducted research in the 
Year 2010 Committee and its various subcommittees by selecting 101 technologies and 
products from the technologies and products that are expected to have a major impact on 
industry and the economy from the latter half of the 1990s up to 2010. We have not only 
made predictions on their practical application but also have analyzed the impact they will 
have on industry and the economy using new methods not used in the past. 


1-2 Research Method 


As mentioned above, in Japan there are almost no examples of systematic research on what 
kind of impact future technologies will have on industry and the economy from now on. 
Therefore, we have conducted our assessment based on the following methods. 


First the technologies and products that will achieve practical application in the future were 
classified, and several items were chosen from among the technologies and products in 
each classification and listed in the order in which they are expected to have the greatest 
impact on industry and the economy. Then an analysis was conducted on their present 
R&D potential and the prospects for practical application of the technologies and products. 
This is the basis for evaluating their impact. Finally, in order to evaluate the impact on 











industry and the economy of each of these technologies and products, analyses were 
carnied out on the size of the market for the technology or product, its positive impact, 
negative impact, etc. 


The specific assessment items are as follows: 
1) Summary of the new technology or product 


2) Present R&D status 
“Stage of R&D 
‘International comparisons with the US and Europe 
*Rate of increase in R&D spending and number of personnel 
*Rate of increase in number of patents and monographs 
*Rate of increase in grants and subsidies 


3) | Technologies in which breakthroughs can be expected. 


4) Obstacles other than technical, such as in social and government systems. 
Social limitations (government regulations, government policies, infrastructure, 
environment, national consciousness and values) 
‘Economic limitations (size of market, cost, marketing principle, lack of development 
funds, lack of researchers) 


5) Concrete policy to promote practical application. 


6) Prediction of time of application of new technology or product. 
*Prediction of time of application 
‘Prediction of ratio of application (in 1990, 2000, and 2010) 
‘Effort required to achieve practical application by 2010 for technologies that are 
expected to begin application after 2010. 


7) Size of market for new technology or product. 
*Size of annual market 
*Amount of annual growth 
Cost per unit at ime of application 
*Size of market of existing technology or product 
*Rate of replacement of existing item with new technology or product 
‘Effort required to increase replacement rate by 10% 


8) Positive impact. 
*Advent of new industries and products 
*Stimulation of existing industries and products 
‘Industries and products producing ripple effect 


9) Negative impact. 
‘Decline of existing industries and products 
*Competing industries and products 
‘Problems from the standpoint of technology assessment 


10) Contributions of technology to society. | 
‘Will the new technology contribute on the global level (harmony with the ecosystem, 
response to energy, food, or population problems), the national level (international 
contribution and cooperation, provide safety and security), the social and corporate 











level (pursuit of abundance, assurance of regional environmental safety, measures for 
an aging society), or on the individual level (pursuit of leisure, pursuit of comfort)? 


1-3 System of Study 


The study of the above details was conducted based on the following system. 


1) 


2) 


3) 


The Council tor Technology Forecast for 2010 was established as a research council 
at the Planning Bureau of the Economic Planning Agency. Junichi Kikuchi, 
Assistant Professor at Aoyama Gakuin University Women’s Junior College, was 
asked to serve as chairman, and after consideration of the fields of the various 
technologies and products, senior researchers from different think tanks, as well as 
research directors and researchers from representative companies were asked to serve 
as members. 


The office for the research council was located in the Electric Power Development 
Office. 


Data was collected by creating assessment sheets, determining a committee member to 
be in charge of each technology or product, and having that committee member fill in 
the assessment sheet based on his own knowledge. 


1-4 Timetabie for Study 


First meting (20 Dece aber 1990) 

*Council proc. dures 

‘Organization and selection of new technologies and products 
Distribution of assessment sheet (survey form) 


Second meeting (1 March 1991) 
*Prediction of practical application of new technologies and products 


Third meeting (12 March 1991) 
‘Impact on industry and the economy of new technologies and products 


Fourth meeting (28 March 1991) 
‘Compilation of report 














2 Organization and Selection of Technologies and Products 


A large number of new technologies and new products exist which are expected to achieve 
practical application in the future. As mentioned above, in the 1987 version of the 
Technology Forecast Assessment, which has been conducted every few years by the 
Science and Technology Agency since 197i, 1071 techiiolugies in 17 fields are analyzed. 
In addition, there are reports that survey such items as international comparisons of levels 
of technology. For example, in the “Trends and Topics in Industrial Technology” 
(September 1988, Ministry of International Trade and Industry), which is limited to 
comparative technology, 40 high-tech products and 47 basic technology fields are 
addressed. Further, in “Promising Advanced Technologies” (May 1990, US Department 
of Commerce) |2 items are considered, in “Major Technology Plans” (March 1990, US 
Department of Defense) 20 items are noted, and in the “US National Major Technology 
Report” (April 1991), 22 items in technology are listed. In consideration of time and 
budget limitations, in this assessment large (broad), medium, and small (narrow) categories 
were created using the above reports published in the past as references, and !01 
technologies and products were selected, organized, and assessed in these categories. 


Further, in creating the categories for technologies and products, the “Technology Forecast 
Assessment” (1987 edition) by the Science and Technology Agency, “Trends and Topics in 
Industrial Technology™ (September 1988) by MITI, and “Assessment Report of Trends in 
Technical Development in Major Advanced Technology Fields” (May 1989) consigned by 
MITI were used as references. 


The concept behind these categories of technologies is as follows: 
1) Large Categories (4 fields) 


First, the new technologies and new products were divided into three large categories— 
"Advanced Basic Technology. ~ which will bring about technical innovations to support the 
21st Century, “Basic Technology to Support Industrial Activity,” which is indispensable 
for Japan to continue to maintain competitive strength in industrial technology, and “Basic 
Social Technology.” which is indispensable to provide leisure and abundance in the daily 
lives of the populace—and a fourth major category was added, “Environmental 
Technology,” which has gained attention in recent years. 


2) Medium Categones (9 fields) 


Next, the Advanced Basic Technology was further divided into the three fields of 
“Information and Electronics,” “New Materials,” and “Life Sciences;” the Basic 
Technology to Support Industrial Activity was further divided into the two fields of 
“Energy,” and “Automation; and Basic Social Technology was further divided into the 
three fields of “Communications,” “Transport and Transportation,” and “Utilization of 
Space.” 


3) Small Categories (34 fields) 


Then the Information and Electronics was broken down into five fields: Microelectronics, 
Optoelectronics, Bioelectronics, Data System Machines, and Software; New Materials was 
broken down into five fields: Ceramics, Semiconductors, Metals, Organic Materials. and 
Composite Materials; Life Sciences was broken down into three fields: New Drugs, Use 
of Organisms, and Biometrics; Energy was broken down into two fields: Energy Supply 
Technology and Technology to Improve Energy Efficiency; Automation was broken down 














into four fields: Robot Technology, Processing Machine Technology, CAD/CAM 
Technology, and CIM/HIM Technology; Communications was broken down into four 
fields: Satellites and Mobile Communications Technology, Image Communications 
Technology, Multimedia Communications Technology, and Networking Technology: 
Transport and Transportation was broken down into four fields: Railway Technology, 
Automobile Technology, Marine Shipping Technology, and Aircraft Technology: 
Utilization of Space was broken down into four fields: Technology to Utilize Outer Space, 
Technology to Utilize Terrestial Space, Technology to Utilize Space Underground, and 
Technology to Utilize Space Under the Sea; and Environmental Technology was broken 
down into three fields: Measures Against Global Warming, Measures Against Ozone 
Depletion, and Measures for Solid Waste Management. 


4) Subjects of the Assessment (101 Technologies) 


Finally, based on the small categories, several of the new technologies and new products 
that are expected to have the greatest impact on industry and the economy were selected 
from among the various categories, and the final 101 new technologies and products 
shown in Table 2—1 were chosen and organized to maintain overall balance. 


This council has attempted to do research concerning the impact of new technologies and 
new products, particularly the impact on industry and the economy. Therefore, we could 
only address technologies thai will have an impact on the daily lives of the populace in a 
rather limited manner. For example. we have not been able to address technologies such as 
functional foods, nursing care for the elderly, and those related to disaster prevention and 
Safety. 
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3. 


Data Collection Method 


In order .o collect data concerning the long range forecasting of new technologies and 
products and their impact on industry and the economy, this counci! conducted its analysis 
by creating assessment sheets, having committee members, in their position as specialists, 
fill them in, and then organizing them. The main roles and responsibilities of each 


committee member are as tollows: 


(by field of technology or product) 


Information, Electronics 2.2.0.0... 000.0 cc cece ccc cece ccuuceueecees Kuwahara, Omichi 
OE OIE gisg ssc cecasssiecennspueseseeenasecnepiawsessicaneen Omichi, Yoshinaga 
EM IN asic nv coh avon envnnedwangexsiusaseacousiawnseesss Y oshida 

NIG ssn stress pica se isenis vesdeeoareniesersacceass eens Fujyn, Okawa 
PIN i onc in 4 ndd dna ba vaweubandeesce'eeds baxiedddastsseues Mochizuki 
Communications ...... 2.0.0.0... cece ccceecceeeccceucuuceccececeeees Hirozaki 

Transport & Transportation..................cccccceeeeeeeeeeeeees Arai, Hattori 
RINNE NIN gages reve vacassnexscessasengecasssevensainn Okawa 
ee Arai. Okawa 


(by field of analysis) 


TOCRROIORY FOTECASUING...........0cccccccccscsscsscceceseseesnsess Kondo, Arai 
Impact on Industry and the Economy ...................0.00000 Omichi, Arai 


As areterence. the assessment sheets (A, B, C, & D) follow. 





Long Range Forecast for Application of New Technology 














Survey Sheet A Name 
New Technology 
or Product 
Summary of New 
Technology or 
Product 
R&D Status (1) Relative Stage of R&D (Relative value with application stage = 100) 


(2) Present International Comparison Rating (Rank in Japan = 100) 
Japan ___ 100 US Europe 


(3) Rate of Increase in R&D Spending and Research Personnel 
Large Medium Small NoChange Decrease 

(4) Rate of Increase in Number of Related Patents and Monographs 
Large Medium Small NoChange Decrease 

(5) Rate of Increase in Grants and Subsidies 
Large Medium Small NoChange Decrease 


(6) Competing Technology Methods 


(7) Other Relevant Information 





Key Technology | (1) Technoiogy Required for Breakthrough 
Rank | 
(Technology Rank 2 
Required for Rank 3 
Breakthrough) Rank 4 

Rank 5 
(2) Major Fields in Peripheral Support Technology 

Rank | 

Rank 2 

Rank 3 

Rank 4 

Rank 5 












































=) 
t- 














New Technology 
or Product 





Obstacles In 
Systems, etc., 
Other Than 
Technical 


(1) Amount of Impact from Social Limitations Specific Details & Reasons 


*System: Great Moderate Small None ( ) 
‘Government Policy: Great Moderate Small None ( ) 
‘Infrastructure: Great Moderate Small None ( ) 
‘Environment: Great Moderate Small None ( ) 
*Value System, Understanding: Great Moderate Small None ( ) 
(2) Amount of Impact trom Economic Limitations 
*Gain of Market Share: Great Moderate Small None ( ) 
*Promotion of Lower Costs: | Great Moderate Small None ( ) 
*Difficulty in Entering Market: Great Moderate Small None ( ) 
*Lack of R&D Funds: Great Moderate Small None ( ) 
*Lack of R&D Personnel: Great Moderate Small None ( ) 


(3) Other Limitations 





Specific Policy 
for Breakthrough: 
in Key Techno- 
logies and Other 
Obstacles to 
Promote 
Application 








Outlook for Time 
of Application 
and Rate of 
Replacement of 
Existing Item 





(1) Outlook for Time of Application: 
Time of Application 
Expectation based on present trend: Application Rate_100 


1990 2000 2010 





(2) To raise replacement rate 10% over that forecast by present trend: 
Rate of increase in R&D effort over present trend (+) % 


(3) Time of application corrected to 100% application in 2010 
Rate of increase in R&D effort over present trend (-, +) % 


(4) Other Relevant Information 














Long Range Forecast for Application of New Technology 


Survey Sheet B Name 








New Technology 
or Product 





Size of Market 


Projected values based on present trends: 
Time of Application 1990 2000 
R&D Costs (¥10 million) 


2010 





Market Production Amount: (¥10 million) 





No. of Companies and Laboratories Involved 





Rate of Replacement (% ) 








Positive Impact 


(1) Advent of New Industries and Products 
Rank | 
Rank 2 
Rank 3 
Rank 4 
Rank 5 

















(2) Activation of Existing Industries and Products 
Rank | 
Rank 2 
Rank 3 
Rank 4 
Rank 5 

















(3) Industries and Products Producing Ripple Effect 
Rank | 
Rank 2 
Rank 3 
Rank 4 
Rank 5 




















Negative Impact 


(1) Decline of Existing Industries and Products 
Rank | 
Rank 2 
Rank 3 
Rank 4 
Rank 5 

















(2) Competing Industries and Products 
Rank | 
Rank 2 
Rank 3 
Rank 4 
Rank 5 























Comments 

Concerning 
Technology 
Assessment 

















Basis for Calculation of Data 
(Assessment Sheet C) 


Technology or Product Name Name 








1. Size of Market (Calculation methods, reports referred to, etc.) 














2. Price at Time of Application or Expected Price at Distribution (Calculation method, 
reports referred to, etc.) 














3. Amount of Distribution (Calculation method, reports referred to, etc.) 














4. Rate of Replacement (What kinds of technologies or products will it replace?) 























Size of Market of Typical Technology or Product at Present 
and Cost of Major Technology or Product 


(Assessment Sheet D) 


Name 





1. Size of Market of Typical Technology or Product at Present 








Technology/Product Annual Size of Date Comments 
Name Market (¥10 million) 
(Example) Fine ceramics 10640 1987 
Liquid crystal display 2000 1990 




















2. Cost of Major Technology or Product 





Technology/Product | Total Cost | Period | No. of | Annual Cost | Comments 
Name (¥10 million) Years | (¥10 million) 





(Example) Seto Ohashi 11300 1978- 9.5 1189 


Liquid crystal display 2000 — — _ 



































4. Organization of Data 


The data collected in the assessment sheets shown in Part 3. above were organized in the 
form of tables to facilitate analysis. By using the method of entering the data directly into 
the tables, further data was collected. However, there were some items among the new 
technologies and products for which data could not be collected. 


Moreover, the following points should be made concerning the organization of data into 
tables. 


Table A 


(Name of Technology or Product) 
The Name of the New Technology or Product was not listed formally for some items due 
to space limitations. 


(Status of R&D) 

The Stage of R&D is the present stage of progress in development of a technology toward 
practical application from a technical standpoint when the application stage = 100. This isa 
consideration only of the level of technical development, and the status of fulfillment of 
conditions in the application environment such as social and economic limitations is not 
considered. 


The /nternational Comparison represents the present level of technology in the US and 
Europe if the level in Japan = 100. 


Rate of Increase in R&D Spending and Research Personnel, Rate of Increase in Number of 
Related Patents and Monographs, and Rate of Increase in Grants and Subsidies were 
evaluated on the following five levels. 
[3] Items showing rapid increase of several hundred percent in the past 2-3 years 
(for example, items in which full-fledged work on technical development has 
recently begun such as CO) fixation). 
[2] Items showing steady increase of several tens of percent in the past 2-3 years. 
[1] Items showing some increase of several percent in the past 2-3 years. 
[0] Items showing almost no change in the past 2-3 years. 
|-1] Items showing a decrease in the past 2-3 years. 


(Obstacles in Systems Other Than Technical) 
The Amount of Impact from Social and Economic Limitations was evaluated on the 
following five [sic] levels. 

[3] Major impact from obstacles. 

[2] Moderate impact from obstacles. 

[1] Small impact from obstacles. 

[0] Noimpact from obstacles. 


(Outlook tor Application) 

The Time of Realization (or Application) is the time in which the first release of a new 
product appears on the market and commercial return is expected, based on the premise that 
acquisition of future profits can be expected. (For example, if a product is placed on the 
market when researchers view the product as only 80% complete, that will be treated as 
100%.) Further, the projected application times vary considerably depending on the views 
of the experts, so most application times were expressed as a range of time. Here the 
median value or the greatest common factor was chosen for the application time. 
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The Rare of Realization takes the time of application as 100% and expresses in percent the 
level of realization for 1990, 2000, and 2010 after total consideration of technical, social, 
and economic limitations. Further, for items that are expected to achieve 100% realization 
by 2000, for example, a |—] mark is entered in the column for 2010. 


The Effor for Realization by 2000 indicates the extent and amount of effort that would be 
required in the event that technologies and products that are not expected to be realized until 
after 2010 would be moved forward and realized by about 2010 based on present trends. 
This effort includes not only the technical aspects but also the effort to overcome social and 
economic limitations. 
[L] Indicates realization may be possible if the present effort is increased several 
times. 
[M] Indicates realization may be possible if the present effort is increased several 
tens of percent. 
[IP] Indicates realization is impossible by 2010 regardless of extra effort. 


(Size of Market) 

Sizeof Market estimates the size of the market in 1990, 2000, and 2010. For those items 
that will have become widespread and achieved a market size by 1990 or 2000, nothing is 
entered in the column for the years thereafter. Further, costs for creating prototypes, etc., 
are considered to be included in R&D costs. If items will become widespread and create a 
large market even on a test basis (for example, new drugs). this is included in the “Market 
Size of Existing Products.” 


The Size of the Market at Time of Application indicates the expected size of the market at 
the time the item achieves practical application from a technical standpoint or reaches full- 
fledged distribution. For example, if the time of application is 2000, the same figures are 
entered in the 2000 column and the Time of Application column. 


Table B 


Breakthrough Technologies evaluates on the following two levels the importance of key 
technologies that will be necessary for breakthroughs to allow a certain technology or 
product to achieve application. This clarifies the mutual relationship of each technique in 
the application of a technology. 

[2] Very greatly needed 

[1] Greatly needed 


Table C 


Impact on Society and the Economy evaluates the positive impact a certain technology or 
product will have on society and the economy on the following two levels. 


[2] Very great positive impact 
[1] Great positive impact 


Table D 


Annual Size of Market (Units/Year) indicates the number of units distributed (the number 
of units sold) in a single year. 


Price at Time of Application (€100 Million/Unit) indicates the cost of the product at the time 
of application. Further, to calculate the market size, the Price at Time of Application x 
Annual Distribution =Size of Market. 








Further, for items such as super skyscrapers that will require several years to construct, the 
total cost of construction is entered. 


Expected Price at Distribution (#100 Million/Unit) indicates what will be a good price 
(called the Expected Price at Distribution) for a new technology or product to become 
widespread and replace existing products, although major cost reductions will be 
necessary. 


Market of Existing Product (¥100 Million) indicates the size of the market of the product 
(existing product) that will be replaced by the new technology or product. 


Replacement Rate takes into consideration the fact that at the Time of Application (the ime 
when the product is first released on the market) the rate of replacement will be almost zero, 
but that after several years the new product will replace the existing product. However, for 
a product that is completely original, it is expected that there will be no existing product for 
it to replace, so a {—] is entered. 


Effort to Increase Replacement Rate 10% evaluates to what extent the present trend in R&D 
must be stepped up to increase by 10% the replacement rate (the rate at which the new 
technology or product will replace the existing product) estimated on the basis of the 
present trend. 


Note: Because of space limitations many column headings in the tables were 
shortened. Moreover, Tables A—D had to be broken down to fit the format of this 

publication. Although headings were repeated so that each part of a table may be refrrred 

to independently, the following pattern can be used to reconstruct the entire table. 
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2a 2b 2c 2d 
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5. Results of Data Analysis 


As mentioned previously, the collected data was organized in the form of tables, and then a 
further, more detailed analysis was made of the data in Table A. 


S—| Forecasts Conceming Application 


The data was organized based on the Time of Application (Realization) shown in Table A. 
Table S—| shows these data arranged in order of Time of Application beginning with the 
earliest, and classified into three time periods: 1990-2000, 2000-2010, and after 2011. 
Table S—2 organizes these data based on their medium-sized categones. Table 5-3 gives 
the totals in each of these categories, and Table S54 expresses these in percentages. 


| Key Points in Analysis Results] 


*Conceming the forecast tor the Time of Application, in past reports the time of 
application has been given as a range because there is the chance that a technological 
breakthrough will occur suddenly, and the social and economic situations at the time 
ot the study are greatly influenced by the political climate, so in this study we have 
adopted the median value or the greatest common factor as the Time of Application. 
For example, in the case of “Fast Breeder Reactors.” both people in the government 
and experts expect the time of application to be 2020-2030, so the median value of 
2025 was chosen in this study. Therefore, in looking at Table 5—1 and 5-2, it is 
necessary to look at the Time of Application with the understanding that for these 
items, particularly for the items after 2020, there is already a large range in years both 
before and after. 


There are 10] new technologies and products analyzed. There are 26 items expected 
to be realized by 2000, 39 items expected from 2001-2010, and 36 items expected 
after the year 201 1. 


‘from the standpoint of the medium-sized categories, all 9 of the Communications 
items are expected to be realized in the 1990s. In the areas of Transportation and 
lransport, Utilization of Space, and Environmental Measures about 80-90%, and in 
Automation and New Materials roughly 60% are expected to be realized by 2010. 
Further. in Information and Electronics, and in Energy only about 40%. and in Life 
Sciences only about 10% will be realized by 2010. 





‘In other words. based on the tact that the majority of new technologies and products 
that will reach application between 2001 and 2010 are expected to be realized close to 
2010, about 80-90% of the Advanced Basic Technologies, such as Information and 
Electronics, New Matenals, and Life Sciences, and of the Basic Technologies to 
Support Industnal Activity, such as Energy and Automation, can be expected to be 
realized after 2010. 


‘In this study most of the times of application are rather late in comparison to other 
technological forecasting reports because our ranking does not merely indicate the 
point at which a technological breakthrough occurs and prototype products can be 
made, but it fixes the Time of Application as the ume in which a product can be 
expected to be competing with existing products and yielding a return on a 
commercial basis. 
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Table 5-3 


Time of Application by Technology/Product Category (Number) 





























1990-2000 | 2001-2010 | After 2011 Total 

Electronics l 4 ) 14 
New Materials 2 7 7 16 
Life Sciences 0 | 7 8 
Energy | 2 4 7 
Automation 0 6 3 9 
Communications y 0 0 9 
Transportation & Transport 7 7 3 17 
Utilization of Space 3 9 l 13 
Environment 3 3 2 8 

Total 26 39 36 101 
Table 5-4 


Time of Application by Technology/Product Category (%) 









































1990-2000 | 2001-2010 | After 2011 

Electronics 7 29 64 
New Materials 13 44 44 
Life Sciences 0) 13 88 
Energy 14 29 57 
Automation 0 67 33 
Communications 100 0 0 
Transportation & Transport 4] 4] 18 
Utilization of Space Pa 69 8 
Environment 38 38 25 

Total 26 39 36 
Table 5-5 
Time of Application (Average) 
Electronics 2019 
New Materials 2020 
Life Sciences 2030 
Energy 2018 
Automation 2013 
Communications 1994 
Transportation & Transport 2007 
Utilization of Space 2008 
Environment 2009 

Total 2013 
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Figure 5-1 
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5-2 Size of Market 


Next an analysis of the size of the market for the new technologies and products was made. 
The Size of Market corresponds to a | year period. 


In the case of the Size of Market, data were successtully compiled for 86 of the 101 new 
technologies and products. In the analysis, the largest figure for the Size of Market listed 
in Table A was chosen. 


Table 5—6 shows the Size of Market in descending order. Table 5—7 rearranges the items 
into their small categories. Table S—8 notes the number of items in each medium-sized 
category, and Table S—9 expresses this as a percentage. 


Resources concerning the size of the markets for existing technologies and products at 
present were used as references in this study, so they are included in the Appendix. 


| Key Points in Analysis Results] 


*In making the forecast for the Size of the Market. a trial calculation was made based 
on certain assumptions about each new technology or product. These assumptions 
differ considerably depending on which expert makes these calculations, but this 
study presents a clear-cut figure rather than a range. Therefore, it 1s necessary to look 
at the Size of the Market with the understanding that there is a range of several 
multiples in both directions of the figures in question. 


*Based on Table 5—8 and 5-9, 17 items will have an annual market of ¥1 trillion or 
more, 37 items will range between ¥100 billion and ¥1 trillion, and 32 will lie 
between ¥10 billion and ¥100 billion. 


‘Based on the medium-sized categories, we can see that the Size of Market for all 13 
items in Information and Electronics will surpass ¥1 trillion. Thus, compared with 
the other categories, it is overwhelmingly large. This is because if products are 
realized that have much higher performance than existing products, there is a chance 
that they will replace the existing products in a comparatively short period of time. 
The only other items with a Size of Market over ¥1 trillion are New Glass under New 
Materials, HDTV under Communications, and Next Generation Automobiles and 
Next Generation High Temperature Superconductor Linear Motor Cars under 
Transport and Transportation. 


‘Looking at items in the range between ¥100 billion and ¥1 trillion, we can see that 
there are many technologies and products that will have a Size of Market at this level, 
with Automation being the only exception: Four of the 10 items under New 
Materials, all 5 under Life Sciences, 4 of the 5 under Energy, 5 of the 9 under 
Communications, 9 of the 16 under Transport and Transportation, 6 of the 13 under 
Utilization of Space and 4 of the 6 under Environmental Measures. 
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Table 5-8 


Size of Market by Technology/Product Category (Number) 
































¥1 Trillion or More} ¥100 Billion | ¥10 Billion | Total 

Electronics 13 0) 0 13 
New Materials | 4 5 10 
Life Sciences 0 5 0 5 
Energy 0 4 | 5 
Automation 0 0 9 9 
Communications l 5 3 gy 
Transportation & Transport 2 4 5 16 
Utilization of Space 0 6 7 13 
Environment 0 4 2 6 

Total 17 37 32 86 
Table 5-9 


Size of Market by Technology/Product Category (%) 


























¥1 Trillion or More} ¥100 Billion | ¥10 Billion 

Electronics 100 0 0 
New Materials 10 40 50 
Life Sciences 0 100 0 
Energy 0 80 20 
Automation 0 0) 100 
Communications 1] 56 33 
Transportation & Transport 13 56 3] 
Utilization of Space 0 46 54 
Environment 0 67 33 

Total 20 43 37 
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Figure 5-4 








5-3 Stage of R&D and International Companson 


The Stage of R&D takes the level of technology at the time of application as 100 and 
expresses to what extent the present level of technology has progressed. This indicates 
purely the level of technology without including social or economic limitations. 


International Companson takes the level of technology in Japan as 100 and expresses the 
present levels of technology in the US and Europe. 


In the case of the international comparison of levels of technology, studies were recently 
undertaken by both the US and Japanese govemments. A companson of the levels of 
technology in Japan, the US and Europe was made in the report published in September 
1988 by the Ministry of International Trade and Industry entitled “Trends and Topics in 
Industnal Technology.” and this is included in the Appendix. 


{Key Points in Analysis Results| 


‘Concerning the Stage of R&D, as shown in Table 5—10 and Figure 5—6, items in the 
10% range are Information and Electronics, and Automation; in the 20% range is Life 
Sciences; in the 30% range are New Materials, Transport and Transportation, and 
Environmental Measures; in the 40% range is Energy, in the 50% range 1s Utilization 
of Space, and in the 70% range is Communications. The average is 36%. 


*In the case of the international! comparison of the present levels of technology, as 
shown in Table S—10 and Figure S—7, when Japan is compared with the US, Japan 1s 
slightly ahead in Intormation and Electronics, but Japan 1s tar behind in Transport 
and Transportation and in New Matenals. In Lite Sciences, Energy, Communi- 
cations, Utilization of Space and Lnvironmental Measures, Japan 1s slightly behind 
the US. Automation is roughly at the same level. 


*When Japan is compared with Europe, Japan is far ahead of Europe in the field ot 
Electronics, and is slightly ahead in Lite Sciences, Energy, Communications, and 
Utilization of Space. The levels are roughly the same in New Materials, Automation 
and Environmental Measures, and Japan is behind in Transport and Transportation. 


*When we look at individual technologies, as shown in Figure 5-8, between Japan 
and the US. the US is ahead in 43%, Japan is ahead in 33% and about 25% are 
roughly the same. Between Japan and Lurope, Lurope is ahead in 26%, Japan is 
ahead in 60% and about 14% are roughly the same. 








Table 5-10 




















Items in R&D International Comparison 
Stage US | Europe 

Electronics 13 88 | 37 
New Materials 30 147 | 1Q2 
Life Sciences 24 12] | 83 
Energy 45 122 | 86 
Automation 13 105 | 97 
Communications 73 114 | 79 
Transportation & Transport 39 175 | 123 
Utilization of Space 56 111 | 85 
Environment 34 119 | 106 

Total 36 122 | 88 








Figure 5-6 | 
Present R&D Stage 
(Level at Time of Application = 100) 
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Figure 5-7 — International Companson of Level of Technology 
(Japan = 100) 
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Table 5-12 


Comparison of Level of Technology in Japan, US, and Europe 





















































Japan- US Comparison Japan Europe Companson 
Same US Japan Sank burps ia J aprani 
Electronics 6 2 6 | 0 | 13 
New Materials 2 10 4 3 6 | 
Lite Scien cS 4 4 ) {) () i | 
Energy | 3 3 | ? ' 
Automation v 6 3 0 4 . | 
Communications ) ; | 
Transportation 7 “ 3 x 6 
Uthization of Space 2 5 6 3 \ | 
Environment 4 3 | 4 2 
Total 25 43 33 14 26 6) | 
Ratio (%) 24.8 42.6 32.7 13.9 25.7 | 60.4 | 
Figure 5-8 
US Ahead Same Japan Ahead 
, 20 95y% | ny: Japan-US 
2/9: 9, Japan-Lurope 
kurope Ahead Same Japan Ahead 
: ; < P 


Comparison of Levels of Technology in Japan, US, and Europe 





S—+ R&D Potential 


The R&D Potential was estimated by looking at the present extent of activity in R&D ot 
new technologies and products. The rates of increase in three major areas—rate of increase 
in R&D spending and number of research personnel, rate of increase in number of patents 
and monographs, and rate of increase in grants and subsidies—were categorized as large, 
moderate, small, no change, or reduced. In the analysis, large was given 3 points, 
moderate 2 points, small | point, no change 0 points, and reduced —! point for purposes of 
quantification and averaging. 


| Key Points in Analysis Results| 


*When a comparison 1s made in the averages of these three major items, as shown in 
Figure 5-9, it is clear that R&D in Information and Electronics, Communications and 
Environmental Measures is extremely active. R&D in New Matenals, Lite Sciences, 
Energy, and Automation is rather active. On the other hand, R&D in Transport and 
Transportation and in Unlization of Space is not as active as in other items, but steady 
progress 1s being made. 














Table 5-13 
—_, 
Rate of Increase | Rate of Increase | Rate of Increase Average ot 
in R&D in Number of in Grants and R&D Potential 
Spending and Patents and Subsidies 
Personnel Monographs 
Electronics 2.8 2.0 1.5 2.1 
New Materials 1.3 1.5 l.4 l.4 
Life Sciences 1.9 1.9 1.6 |.8 
Energy i.6 |.4 ho |.4 
Automation 1.8 1.6 1.6 1.6 
Communications 2.0 2.2 1.8 2.0 
Transportation & Transport io 0.8 0.8 1.0 
Utilization of Space 0.9 1.3 1.0 || 
Environment 1.9 1.8 2.3 2.0 | 
Total 1.7 1.6 1.5 1.6 





























. 5-9 Rate of Increase In Present R&D Potential 
rlgure (Total of 3 Items) 
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Figure 5-10 Rate of Increase in Present R&D Potential 
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Figure 5-11 


Breakdown of Rate of Increase of Present R&D Potential 
(Total of 3 Items) 
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S—5S Social and Economic Limitations 


Not only technical problems affect the application of new technologies. In many cases, 
social and economic !imitations are major factors. Here, Social Limitations were 
considered with respect to 5 aspects—the System (government regulations), Government 
Policy (government promotional policies), Infrastructure of the Society, Environment, and 
Consciousness and Values of the People. The Economic Limitations were considered with 
respect to 5 aspects—Acquisition of Market, Progress toward Reduced Costs, Difficulty in 
Introducing Marketing Principle, Lack of R&D Funds. and Difficulty of Acquiring R&D 
Personnel. The effect of each aspect was categorized as large, moderate, small or none, 
and in the analysis, large was given 3 points, moderate 2 points, small | point, and none 0 
points. The average values were then compared. 


Among these limitations, items closely linked to government policies are the System 
(regulations made by the government) and Government Policy (government policy toward 
promoting R&D) under the Social Limitations. Figure 5—15 shows these in the form of a 


graph. 
Below are several concrete examples of how these aftect application. 


(1) For the development and spread of solar photoelectric power generation, under the 
present regulations in the Electrical Utility Act. to set up a privately owned power 
generating device it is necessary to have an electrical technician in charge of each generator. 
In order to promote the installation of solar cells at various households and businesses, the 
relevant laws must be revised. Further, in order to promote installation, an appropriate fee 
system and installation subsidies will be needed. 


(2) For the development of artificial islands and marine amusement parks. because the 
laws that will apply are unclear, corporations cannot actively engage in R&D until these 
points are clarified. Therefore, the relevant laws must be revised. 


(3) For the development of a techno-super liner (a large. high-speed ship), because 
technical standards for ship construction are specified under regulations such as the Ship 
Safety Law. new technical standards must be completed to promote a techno-super liner 
that will make wide use of new technologies and materials. Further. at the time of 
application, revisions in relevant laws must be made tor high-speed navigation and 
navigation at night, and harbor facility capabilities must be improved. 


(4) In the case of the development of new drugs, to obtain approval as a drug for 
therapeutic use under the Pharmaceutical Affairs Law, an extremely long waiting period 
and large amounts of research expenditures are necessary. urther, the cost of new drugs 
will be determined by the drug pricing system of Nationa! Health Insurance. and because 
the price of the drug will be reduced every two to three years. in the future it will be 
extremely difficult to recover the large R&D expenditures under the present system. 
[herefore, without reducing evaluation of drug effectiveness and safety. it is necessary to 
shorten the waiting period in order to promote R&D.to prioritize reviews for approv al, and 
set up an appropriate pricing system. 


(5) Concerning the development of HDTV, although technically it 1s approaching the point 
right before practical application, Japan, the US, and E ‘urope are each insisting on their 
own technical standards in order to acquire leadership in the development and commer- 
cialization of HDTV. Therefore, the practical application of HDTV will be greatly delayed. 
At present, an international unified standard has not been established, and because the two 





systems in Japan and the EC are not interchangeable, each country will choose one or the 
other based on its own judgement. Therefore, corporations must carry out HDTV technical 
development and establish distribution routes tor both systems, and from the viewpoint of 
technical development, this represents a doubling of investment in technical resources. 


|Key Points in Analysis Results| 


*Looking at Figure 5—13, Social Limitations are extremely low for Information and 
Electronics and for Automation at 0.S5—0.6. Further the values for Life Sciences and 
Energy are 2.0 or more, so there are great social limitations in these categories. It is 
clear that the remaining items have moderate social limitations with values of 1.5-1.8. 


*Next, looking at Figure 5—14, those lying in the 2 point range for Economic 
Limitations are Information and Electronics, New Materials, Life Sciences and 
Energy at 2.0-2.2. All the others are in the | point range from 1.5—1.8. This means 
that all the new technologies and products will have rather large economic limitations. 


*According to Figure 5—15, there are few obstacles to application in the System and 
Government Policy for Information and Electronics and for Automation, but it 
appears that this area will affect all other items very strongly. 
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Figure 5-14 
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Figure 5-15 





Details of Economic Limitations 
(Evaluation of 3 Separate Items) 
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S—6 Rate of Realization 
The Rate of Realization 


The Rate of Realization takes the rate of realization at the time of application as 100% and 
expresses its projected level in 1990, 2000 and 2010 in light of the total technical, social 
and economic limitations. It is important to note, particularly in the Rate of Realization for 
1990, that because social and economic limitations are taken into consideration, these 
figures have a different meaning from the figures for the Stage of R&D. The difference 
between the two can be roughly estimated by the size of present social and economic 


limitations. 
|Key Points in Analysis Results] 


*As shown in Table 5—15. Communications will be 100% realized by the year 2000. 
but Information and Electronics, Life Sciences, and Energy will be in the 30% range, 
New Materials and Automation will be in the 40% range, and Transport and 
Transportation, Utilization of Space, and Environmental Measures will be in the 60% 


range of realization. 


‘Looking at the year 2010, Information and Electronics, Life Sciences, and Energy 
are expected to reach the 60% range, New Materials and Environmental Measures 
will reach the 70% range. Automation and Utilization of Space will reach the 80% 
range, and Transport and Transportation will reach the 90% range. 





lable S-IS 





Rate of Realization 
| 1990 2000 %010 
| Electronics z 1c 2% 








| New Materials 15 44 73 


| Lite Sciences 19 38 66 
| Energy 18 35 65 
| Automation i2 +4 86 
| Communications 74 100 100 
| Transportation & Transport 30 66 93 
Uthzation of Space 23 62 88 
| Environment 18 60 7 


Average 24 54 79 
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Figure 3-16 Rate of Realization 
(Realization at Application = 100) 
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5S—7 Contributions to Society and the Economy 


Table C is a study of what kinds of contnbutions new technologies and products will make 
in social and economic areas. The areas were categorized as Global Level, National Level. 
Social and Corporate Level, and Individual Level. The Global Level was subdivided into 
Harmony with the Ecosystem, and Measures for Food, Energy, and Population Problem 
the National Level was subdivided into International Contributions and C ooperation, and 
Safety and Security; the Social and Corporate Level was subdivided into Pursuit of 
Abundance, Regional Environmental Safety, Measures for an Aging Society, and Harmony 
between Business and Society; and the individual level was subdivided into Pursuit o! 
Leisure and Pursuit of Comfort. In making these classifications, reference was made to the 
Demand Matrix,which has been based on Maslow’s Demand Matnx, that was created by 
the Japan Productivity Headquarters Research Institute. 


Safety and Security on the National Level is strictly limited to economic secunty such as 
safety and secunty of energy supplies, and it does not include military safety and security. 


Items with an extremely large positive impact were given a 2, and those with a rather large 
positive impact were given a |. These results are arranged in Table 5-16. 


|Key Points in Analysis Results] 


* Technologies and products in their medium-sized categories were organized 
according to the field to which they will contribute, and these results are shown in 
Figures S—18 through 5-26. 


he averages for these data are shown in Figure 5-27. According to these data, the 
10] new technologies and products in this study will make particularly great 
contributions on the Global Level to Harmony with the Ecosystem and to Food. 
Energy and Population Problems; on the National Level to Internationa! Contributions 
and Cooperation; and on the Social and Corporate Level to Pursuit of Abundance and 
Regional Environmental Safety. 
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Figure 5-20 Contributions to Society and the Economy (Life Sciences) 
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Figure 5-21 Contributions to Society and the Economy (Energy) 
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Figure 5-22 Contnbutions to Society and the Economy ( Automation) 
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Figure 5-23 Contributions to Society and the Economy (Communications) 
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Figure 5-24 C contributions to Society and the Economy (Transport and Transportation) 
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Figure 5-25 Contributions to Society and the Economy (Uulization of Space) 
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Figure 5-26 


Contnbutions to Society and the Kconomy ( Environmental Measures) 
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6. Summary 


As can be seen from the above analysis. !U! items were selected from among technologies 
and products presently in the RAD process that have been called the “tuture tec hnologies™ 
which are expected to have a major impact on industry and the economy, and these items 
were evaluated according to their time of application, size Of market. impact on industry 
and the economy, etc. A summary of the key points in the analysis results tollows. 


Conceming the Time ot Application, the tme when tuture technologies will compete with 
existing products and yield returns on a commercial basis, that 1s, the ume when future 
technologies will have somewhat of an impact on industry and the economy, is much more 
distant in the tuture than previously predicted. The reason is because even if application 1s 
attained on the technical tront, social and economic limitauons will become an obstacle, so 
a considerable amount of time wi! elapse before its impact on industry and the economy 
will be felt. More specifically, government polic les, Such as the regulations imposed by 
government and government incentives. will have a great effect on progress in development 
and practical application in most fields. Therefore. in order to promote the application of 
technology, it 1s extremely important tor the government to reconsider the need tor some of 
its existing regulations and systems, and to Carry Oul appropriate governmental measures 
such as the establishment of development goals. Further, this forecast was made based on 
the major increases in corporate RAD spending in recent years, but depending on the trends 
of tuture RAD spending. there 1s some concem that the umes of application may be delayed 
even longer. 


Concerning Size ot Market. it was learned that when and if these future technologies reach 

application, among the 86 items surveyed, | 7 items (20%) led by the field of Information 
and Electronics will have a market of ¥! trillion or more. and among all fields except 
automation, 54 items (63%) will have a market of ¥100 billion or more (including the 17 
items with a market of ¥1 tnilion or more). Because these esumates were made based on 
some bold assumptions, there is a rather large margin of error, but it can be said that when 
they reach application, there is a good chance these future technologies will have a major 
impact on industry and the economy. 


Concerning the International Compansons of the levels ot technology 1n Japan, the US. 
and Europe, Japan stands alone in first place in 29 items (29%), Japan 1s tied for first place 
24 items (24% ), Japan 1s in second place in 28 items (28°C) and Japan 1s in third place in 
20 items (20%). When this 1s compared with the 1987-88 survey conducted by the 
Ministry of Intemational Trade and Industry's Agency ot Industnal Science and 
lechnology, if we look at the total (87 items) in their categones of High-Tech Products (40 
tems) and Basic Technologies (47 items). which most nearly approaches the 101 tuture 


technologies in this study, Japan stands first in 1} items (13%), 1s tied for first in 31 items 
46% ). and is lagging behind ( second or third } in 45 items (52°). Although a direct 


comparison cannot be made because the technologies in the two studies differ, generally 

speaking we can say that in regard to the levels of research in future technologies over the 

past few years Japan has widened the gap with the US and Europe in areas where she 
holds the lead. and that Japan is closing the gap in areas where she lags behind 


These 101 future technologies were selected based on the view that these, among the many 
uture technologies presently in the RAD process. will have the greatest impact on industry 
and the economy. These future technologies will play an important role trom now on in 
dealing with environmental, energy and population problems on a global scale, in 
responding to a reduced labor torce and the rapid aging of society on a national level, and 
n realizing an abundant and humane lifestyle tor our people as Japan approaches the vear 





2010. Therefore, it is hoped that these future technologies can reach application even 
sooner through the aggressive promouon of appropriate government policies and of R&D 
n the pnvate sector not only in the present but also in the future. 








Appendix 
Appendix | 
Summary ot “Technology Forecast Assessment” from the Science and Technology Agency 


This has been conducted every five years since 1971 to determine the direction of Japan’s 
technical growth. It assesses the importance, time of realization, method ot advancing 
R&D, etc., of technical items that are expected to be advanced over the following 30 years. 
It makes the assessment through surveys of experts (the same survey is repeatedly sent to 
several people and the opinions of the respondents are converged using the Delphi 
method). 


In Zhe Fourth Technology Forecast Assessment 1071 items that are expected to be realized 
by roughly 2015 were surveyed. 


(1) Importance 


Fields considered high in importance were biologically related items such as Life Science, 
and Heath and Medical Care, and global items such as Space and The Earth. Further, items 
thai were considered high in importance among all fields were Cancer, Superconductors, 
Earthquake Forecasting, Atomic Energy, and High Level Information Processing. 
Especially, Cancer occupied 4 items among the top 5, indicating that it is an important topic 
for research not only in the minds of the people but for researchers as well. 


2) Time of Realization 
Overall, more than half the ites are those expected to be realized roughly within the next 
20 years. Many that will be realized relatively early fall under Information, Electronics and 
Sottware and under Communications, while many that are expected to be realized in ihe 
more distant future fall under Life Sciences and Energy. 


(3) Limitations on Realization (Non-realization) 


Generally speaking, the great majority of items have Technical Limitations, and this stands 
out in fields such as Life Sciences, and Substances, Materials and Processing. 


Next comes Economic Limitations, and in this field we find items requiring large scale 
research expenditures such as Space and Energy. Major items under Social Limitations are 
in the field of Safety and The Environment. 

(4) Methods tor Advancing R&D 

The methods for advancing R&D are divided into three major categories—Autonomous 
Technical Development, International Cooperative Development, and Introduction of 


Technology. 


1. Autonomous Technical Development 


Overall about 70% of the topics fall under advancing R&D by Autonomous 
Technical Development. More specifically, there are many items in fields such 
as Cities and Construction, and Communications that are related to the 
improvement of the economic and social infrastructure, and in the field of 
Substances, Materials and Processing that have have elements of strong 
advanced and basic research. 








2. Development by International Cooperation 


Concerning advancing R&D through international cooperation, most topics 
were in such areas as Lite Sciences and Health and Medical Care that are related 
to biology, and generally speaking, this category has increased with each 
successive assessment. 


3. Introduction of Technology 


A great majority of respondents indicated no topic in which R&D will be 
advanced by introduction of technology. 


(5) Main Bodies Advancing R&D 


The Main Bodies Advancing R&D were divided into three categories—National and 
Regional Public Agencies, National and Regional Public Agencies together with the Private 
Sector, and The Private Sector. 


1. National and Regional Public Agencies 


There were relatively many items where it is desirable for R&D to be advanced 
by national and regional public agencies among the topics concerned with the 
whole world such as The Earth, Space, and The Environment. 


2. National and Regional Public Agencies together with the Private Sector 


The largest number of items at roughly 70% were those where it is desirable for 
R&D to be advanced by national and regional public agencies together with the 
private sector. This trend is particularly strong in fields such as Health and 
Medical Care, Life Sciences, and Substances, Materials and Processing. 


3. Private Sector 
There were relatively many fields v here it is desirable for R&D to be advanced 
by the private sector included in those intended to improve life in society such 
as Transport, and Production and Labor. 


(6) Policy as a Nation 


With respect to the various national policies that are greatly desired in all items and 
particularly in the field of Space, there is a great expectation for funding. 


It appears there are also many expectations concerning The Environment based on 
improving the system of operations, and many concerning Life Sciences wi‘h respect to 
human resources. 


Issued by Future Engineering Research Institute Technology in Japan (4th Science and 
Technology Agency Forecast Assessment). 




























Average lime of Realization for Various Items 




































































Field No. of || Average Time of Realization 
Items 
Substances, Materials & Processing 8 2002 
Information, Electronics & Software 24 2001 
| Life Sciences I] 2001 
Space 7 2007 
Seacoast 5 2001 
The Earth 2 2000 
Agriculture, Forestry & Fisheries 18 2003 
Mining and Water Resources 4 2002 
Energy 9 2008 
Production & Labor 22 2003 
Health and Medical Care 18 2005 
Lifestyle, Education & Culture 7 1998 
Transport 12 2 
Communications 5 2000 
Cities and Construction 18 2002 
The Environment 14 1999 
Safety 5 1999 





Source: Future Technologies of Japan *87 (Diamond Publishing Co.) 


Fields with Major Limitations (Top 3) 























Type Field Ratio of 
Responses* 
Technical Limitations Life Sciences 96% 
Substances, Materials & Processing 87 
Information, Electronics & Software 83 
Health & Medical Care 83 
Social Limitations Safety IS 
The Environment 13 
Production & Labor 9 
Economic Limitations Space 5] 
| Energy 43 
| Mining & Water Resources 43 








*Indicates the percentage of topics in which a large majority of responses showed a certain 
limitation would be great. 











Fields With Great Expectations trom Main Bodies Advancing R&D (Top 3) 
















































































Type Field Ratio of Responses* 
National & Regional | The Earth 89 | 
Public Agencies 

we een Space 44 | 
The Environment 37 
National & Regional | Health & Medical Care 99 | 
Public Agencies a. ee 9 
together with the Life Sciences 6_| 
Private Sector Substances, Materials & Processing 94 | 
Transport 34 | 
The Private Sector Lifestyle, Education & Culture 32 | 
Production & Labor 3] 
Communications 31 | 








*Indicates items in which large majority of responses expect advancement by each type. 





Fields With Great Expectations from Various Government Policies (Top 3) 






























































Type Field Ratio of Responses* 
Funding Space 100 
Substances, Materials & Processing 94 | 
Mining & Water Resources 93 
Human Resources __| Life Sciences 15 
Information, Electronics & Software 1] 
Agriculture, Forestry & Fisheries 7 
The Enviornment 50 
System Lifestyle, Education & Culture 6 | 
Cities & Construction 30 | 
Safety 30 | 








*Indicates items in which large majority of responses expect advancement by national policies. 














Appendix 2 


Classification of Separate Technological Fields by Assessment of the 
Direction of Advanced Technological Development 





Large Classification 


Medium Classification 





New Materials 


Performance | High performance, High elastic modulus 
& Function | Resistance to extreme environments 
Optical functions 

Conductive functions 

Chemical functions 

Isolation functions 

Mechanical functions 

Ecologically compatible functions 





Processing & | Structure control tech. (molecular level) 
Evaluation Structure control tech.(aggregate level) 
Thin film forming technology 
Ultra-fine drawing and particle forming 
Evaluation technology 








Biotechnology 


Search for new useful genetic resources 
Luminescence 

Biochemical utilization technology 

Plant & animal cell engineering 

Biodegradable plastics 

Comprehensive therapy for hepatitis 

Food, nutrition, health, disease prevention with aging 
Toxicity tests that do not use animals 





Devices 


High integration 
High speed 
High capability 





Computers 


Architecture 

System Technology 
Element Technology 
Basic Technology 
Input/Output Technology 





Software 


Programming Languages 

Super parallel calculation models 
Parallel calculation OS 

Robotics 

Intelligent Data Bases 

Software Engineering 

Ultra-high speed memory processor 











Interfaces 
Aeronautics and Space Aeronautics 
Space 
Energy & Quantum New Energy 
Engineering Energy Utilization 





Application of Quantum Engineering (Quantum 
development technology, quantum beam utilization) 








Source: Assessment Report of Trends in Technical Development in Major Advanced 
Technology Fields (May 1989) consigned by MITI. 











Appendix 3 


White House National Major Technology List 
US National Major Technology Report (April 1991) 





Field 


Major Technology 





Materials 


Technology for synthesis and processing of materials 
Electronic & optical materials (including superconductors) 
Ceramics 

Composites 

High performance metals & alloys 





Manufacturing 
Technology 


Integrated production technology through computers 
Intelligent processing equipment (including robots) 
Micro & nano processing 

System control technology 





Information & 
Communications 


Software 

Microelectronics & optical electronics 

High performance computers & networks 
High resolution image processing and display 
Sensor and signal processing 

Data storage and peripheral processing 
Computer simulation and modelling 





Bio-engineering & 
Lite Sciences 


Applied molecular biology 
Medical technology 

















Aeronautics & Aeronautic technology 

Transport Land transport technology (intelligent automobiles, etc.) 

Energy & the Energy Technology 

Environment Pollution prevention & recovery technology; waste management 





In the National Major Technology Report that the White House submitted to Congress, 
there is a list of 22 technologies that are strongly needed by the US both from the 
standpoint of national security and economic competitiveness. 


This report was created by a special advisory group formed within the White House based 
on the 1990 Defense Authority Act. It not only deals with technologies that the US and 
Japan are in close competition over such as super computers and high resolution image 
processing, but also places emphasis on manufacturing technology, such as computer 
integrated manufacturing (CIM), where the US is considered weak. 


As shown in the above table, the technologies are divided into six categories, and the 
majority overlap with the lists compiled by the Defense and Commerce Departments, but 
the striking aspect is that it includes four items from manufacturing technology such as 
CIM, in which steps from product planning and design through production and distribution 
are controlled in an integrated fashion by computers, as well as robots, and ultrafine 
processing technology (nano technology and micromachines), which MITI will be aiming 
for in its next major technicai development project. 


Source: Asahi Shimbun, 26 April 1991. 








Appendix 4 


US Department of Defense 1991 Major Technology List 


1. Semiconductor materials 11. Environmentally suited weapons systems 
2. Software engineering 12. Data fusion 
3. High capability computers 13. Fluid dynamics using computers 
4. Intelligent machines; robotics 14. Jet propulsion (fuel efficiency types) 
5. Computer simulation and 15. Pulse input 
modelling 16. Ultra high speed firing 
6. Optics technology 17. High energy integration elements 
7. High sensitivity sensors 18. Composite materials 
8. High sensitivity radar 19. Super conductors 
9. Signal and image processing 20. Biotechnology 
10. Marker control 21. Flexible manufacturing technology 


In the 1991 edition of the US Department of Defense's “Major Technology Plan,” 21 types 
of major technologies are listed whose development should be emphatically addressed in 
the future from the standpoint of US national security. 


In this report, in addition to an increase in plans for the development of technology over the 
previous two reports, flexible manufacturing (multiple product, small volume production) 
technology has been added. The report indicates that Japan leads the US in 5 of these 
fields such as semiconductors, biotechnology and superconductors, and Japan is ina 
position to partially lead the world in 6 areas such as high sensitivity sensors, high 
sensitivity radar, etc., but in the other areas the US is somewhat ahead of Japan. 


This report considers 15 of these 21 technologies (except for 6 specially designated for 
military use) as “dual use technologies” that can be applied in both civilian and military 
fields, and it points out that in areas such as semiconductors and intelligent machines, the 
degree of dependence on imports from countries such as Japan will increase. 


Source: Nihon Keizai Shimbun, 8 May 1991. 








Appendix 5 


Comparison of Levels of Technology in Japan, USA and Europe 


(1) Existing products—Top level internationally in almost all product fields. 





























Industry Type Product Field 
Basic Materials 1) Steel Cou.uventional Steel 
Industries 2) Chemicals Synthetic fibers, synthetic resins, fertilizers, 
Industrial drugs (organic intermediates), 
synthetic rubber, dyes, cosmetics, surface 
active agents, medicines, pesticides, film 
3) Other basic Girders, beams, vats (steel), aluminum 
material industries _| products, aluminum smelting, electric wires, 
petroleum refining, tires, glass, cement 
Processing and |) General machine | Motors, boilers, processing machines, 
Assembly industnes environmental machines construction machines, 
Industries wind & water powered machines, plants (steel 
mills, chemical and petroleum refining plants, 
etc.), machine parts (seals, valves, bearings, 
pistons, etc.) 
2) Electric machine | Nuclear power devices, electric power devices, 
industnes electric devices for industry, general use electric 
devices, music and movie devices, home 
appliances (refrigerators, washers, etc.), 
medical devices 
3) Auto industry Passenger vehicles, trucks 
4) Other machine conventional ships, special commercial ships, 
industnes railroad cars and rail systems, cameras, 
watches, measuring instruments, office 
equipment 
Consumer 1) Fiber industry Natural fibers 
Industries 2) Other consumer | Foods 
industries 
Mining Industry Petroleum, natural gas 
Construction Industry Construction, lumber 




















Alone in Ist Tied for Ist Behind 
10 Years Ago | 5 38 ts 
PES 
Present (99:99:26 63 = 
t: 
a LQ 30 40 $0 $4 70 30 23 30 (2%) 


Change in Level of Technology of Existing Products (Comparison with US & Europe) 











(2) High-Tech Products 


The level of technology in Japan has increased in recent 


years, and many technologies are at a top level 
internationally, or at a level near the top. However, items 
requiring comprehensive system technology, etc., are 
inferior in comparison to the top levels in the world. 




















*Laser processing machines 
*Accelerators 

*Aircraft engines 

*Artificial organs 

*Plant bio products 

*Light water reactors 

*Rockets to launch satellites 
*Marine construction matenals 


Field Product 

Raw Matenals | *High tensile steel *Composite materials 
‘Superconductors (liquid helium = *Amorphous alloys 
temperatures) *New glass 
*Fine ceramics *Engineering plastics 
*Polymer isolation membranes 

Parts “Optic fiber *Semiconductor lasers 
‘CCD ‘Semiconductor memory elements 
*Microprocessor *Ball screws 
*Servo motors *Hydraulic control valves 

Final Products | *Optical & magnetic disks 1/2” household VCRs 

& Systems “Computers *Data bases 
*CAD/CAM *Copiers 
*D-PBX *Assembly robots 


*Laser printers 

*Spectrum analyzers 

*MRI 

*Bio products trom animal cells 
*Bio products from microorganisms 
*Solar photoelectnc power 
Communications satellites 
*Skyscrapers 





Alone in Ist 


Tied tor Ist 
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Change in Level of Technology of High-Tech Products (Comparison with US & Europe) 
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(3) Basic Teclinologies Although the level of research in Japan appears to be at a top 
level internationally in part, it is somewhat behind the level 


of the US in existing products and in high-tech products. 


















































Field Product 
New Materials | *High temperature semiconductors *Non-linear pnotoelectronic 
*Strongly magnetic materials materials 
*Ultra environmentally resistant | *Molecular functional materials 
advanced composites *Fine ceramics with new functions 
*New alloys and metal Glass (non crystalline) materials 
compounds with new functions 
*Ultra pure polymer materials *Silicon chemical matenals 
*New microelectronic materials 
Electronics «Superconductor devices *Elements with quantum functions 
*Power electronics elements *Large surface area circuit elements 
«Optical elements with new 
functions 
Biotechnology | *Manutacture of high capability *Finding and isolating new 
enzymes and biological microorganisms, plants and animals 
substances as useful genetic resources 
*Plant & animal cell optics *New genetic optics 
*Construction of bio data bank *High level utilization of in vivo 
reactions 
Technology «Atomic precision control tech. *Metal & inorganic matenal 
Common to *Molecular precision alignment processing technology 
New Materials | control technology *Evaluation, analysis, measurement 
& Electronics | *Design & simulation tech. technology 
*Photoreactive process technology *Extreme environment mfg. tech. 
Technology Protein handling (alignment) ‘Techniques utilizing biological 
Common to technology membranes 
Biotechnology | *Development of bio-related 
& Electronics | analysis and evaluation systems 
Tech. Common | *Materials simulating biological Biologically compatible materials 
to Biotech & functions *Bioprocess separation and refining 
New Materials | *Techniques utilizing biochemistry technology 
Software *Autonomous integrated data ‘Human technology 
Systemization | processing devices “Resource & energy technology 
*Autonomous data processing Integrated software to control 
devices with neural structures machines 
*Super parallel architecture *Environmental management 
‘Software compatibility technology 
development techniques *High performance robot 
Disaster prediction technology technology 
Alone in Ist Tied for Ist ae 
0 19 24 3 4 55 60 79 3 30 199 (% 


Present Level of Technology in Basic Technical Fields (Comparison with US & Europe) 
Source: Trends and Topics in Industrial Technology, September 1989, M111 








Appendix 6 


(1) Size of Market of Present Typical Technologies & Products 


Market Size of Present Typical Technologies & Products 
and the Cost of Major Technologies & Products 










































































Field Technology or Product Annual Size | Date of | Notes 
ot Market Survey 
Station switching devices ¥287 billion 1990 
PBX ¥83 billion 1989 
Multimedia multiplex eqgpmt._| ¥48 billion 1989 
Commuanti- | Optical transmission system | ¥233 billion 1990 
cations CATV ¥33.3 billion 1989 VATYV terminals only 
TV conference system ¥4.8 billion 1989 
Satellite communications ¥81.5 billion 1990 Satellites ¥23 billion 
Ground egpt. ¥58.5 billion 
Car telephone ¥76.4 billion 1989 Includes portable telephones 
Telephones (includes ¥123.7 billion 1989 Includes cordless telephones 
multifunctional devices) 
Energy Air conditioner (home use) ¥820 billion 89-90 Number shipped from mfr. 
Data & Biosensors ¥5.5 billion 1988 
Electronics | Semiconductor multiplexing — | ¥3000 billion 1990 
| (US )Fiber reintorced plastic = | ¥733 billion 1989 Business Communication Co. 
Composite | (Japan) Fiber reintorced plastic | ¥489 billion MIT] New Matenal Comm. 
Matenals | (US) Fiber reinforced metal ¥10 billion 1989 Business Communication Co. 
(Japan) Fiber reinforced metal | ¥100 nonullion 1987 MITI New Matenal Comm 
(US) Fiber reinforced ceramic | ¥30 billion 1989 Business Communication Co. 
(US) Ceramic engine ¥500 billion from newspaper (in 2000) 
(Japan) Fiber reint. ceramic ¥100 million + 1987 MIT! New Matenal Comm. 
(Japan) Carbon fiber ¥40 billion 1987 MITI New Matenal Comm. 
(Japan) C/C Composite ¥100 million + 1987 MIT! New Matenal Comm. 
Semiconductor elements ¥3594.1 tnihion 1989 MITI Production Statistics 
Organic Microprocessors ¥250 billion 1989 Data Quest 
Matenals | Optical disks ¥115 billion 1990 Optics Industry Society 
Photoelements and parts ¥150 billion }989 Optics Indus*ry Society 
Engineering plastics ¥320 billion 1987 MITI New Matenals Comm. 
FRP ¥489 billion 1987 MITI New Materials Comm. 





























(2) Present Cost of Major Technologies and Products 


























Field Technology or Product Total Cost | Time Penod | No. of Years | Annual Cost 

Tokyo Electric Kashiwasak: | ¥301 billion | 10/1971- 19.1 ¥15.8 bilhon 
Kanhane #2 Atomic Power 9/1990 

Energy Plant (1.1 million kW) 
Kyushu Electnc Matsuura | ¥277 billion | 4/1978- 12.2 ¥15.8 billion 
#1 Coal Power Plant 6/1990 
(1.1 million kW) 

Environment | Large scale environmental | ¥5—10 billion — — — 
equipment (acid rain 
processors) _ 

Transport 20,000 ton tanker ¥15 billion — — — 
Jumbo jet ¥20 billion — — — 

Utilization of | Seto Bndge ¥1130 billion | 1978-1988 | 9.5 ¥118.9 billion 


Space 





























Appendix 7 


Demand Matnx 


(Relation Between Level and Subject of Demand) 




















The Farth for the Nation Society Corporation Individual 
Sake of Humanity 
Utopia Utopia Realization of Selt Realization 
Corporate 
Principles _ 
Leadership Abundance Top-notch Esteem (interests) 
(cultural) Corporation 
Harmony with International Abundance Recognition from | Beloaging 
Ecosystem Harmony (physical & Society (member | (lersure, 
CCOHOMLC ) of group) convenience) 














Environmental Secunty (peace) Satety & Intermehate-term | Safety (avoidance 

Safety Stability Survival of discomfort and 
ditticulties) 

Energy Problems, | Survival Survival Short-term Physiological 


Food Proble ms, 
Population 
Problems 





(acquisition of 
tood, acquisition 
of resources) 








Survival 





Functions ( tood, 
clothing, shelter) 
(nunmimum needs) 








Source: Report entitled “Trends in Japan's Technical Development Viewed from Needs 
and Wants of Society and the Individual” by Japan Productivity Headquarters 
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Terabit Memory 


1. Outline of Technology and Products 


The (10*12)-bit memory chip, which utilizes such technology as 
Super-electric power device based on a new concept, will be 


attainable around the year 20230, The 1-gigabi1t random access 
memory chip 1S expected to materialize by the year 2000. The 1- 
terabit chip device, which possesses 1000 times the capacity of the 


1 gigabit device, on the other hand, is generally considered 
unattainable by the mere extension of silicon technology. 


2. Long-range Prediction For Practical Utilization 


If the practical utilization stage were to be assigned a numeric 
value of 100, then the current juncture in the R&D stage 
relatively-speaking would be assigned a numeric value of 5, which 
means that the practical application of the terabit chip wil! be 
realized around the year 2030. 


Comparison of various international R&D efforts in this field 
Indicates that only Japan at present has a firm grasp of the 
concept of the terabit memory capacity which approaches that of the 
human brain. 


Key technologies requiring breakthroughs include the super-electric 
motor devices (including the high-temperature super-electric 
motor), super high-density circuit Integration/controal, 
measurement, and processing technologies. 


Social constraints likely to affect the implementation of the 
terabit memory technology will be weak governmental aid policies 
for the development of super electric motor technology and the 
effects of the general public’s awareness and value systems with 
respect to the new technology. Effects of economic restrictions 
would include the difficulties involved in securing an adequate 
market scale, effecting low costs, application of marketing 
principles, inadequate market development funds available, and in 
securing adequate R&D manpower. 


“ 


3. Impacts on Industrial Economy 


It is estimated that the market scale of terabit memory will reach 
approximately the 3 trillion-yen level. The number of related 
industrial research laboratories will increase to approximately 
five. 


The following products and industries will be positively impacted 
by the terabit memory: advanced-function computers, advanced- 
function laptop computers/word processors, intelligent home 
electronics, information input systems, communication systems, and 


112 











social infra-systems; the automobile industries; and the space and 
defense industries. 


Negative impacts will be felt by existing the computers, 
information systems, and home electronics industries. In al] 
probability, the more significant the role of memory become, the 
greater the adverse effects suffered by existing equipment 
Industries wil! be. 


From the viewpoint of technological assessment, the question of 
human dignity and of the assignment of roles to machines and to 
humans will become an important issue. 


Superconductive Device 


1. Outline of Technology and Products 


Constructed with superconductive transistors, the Jasephson device, 
the quantum magnetic flux parametron, etc., the superconductive 
device 1S superior to the VLSI achieved by current semiconductor 
technology by 10° x 3-102 2 x 7, namely, in terms of a product of 
electrical-energy consumption timed by switching time. This is a 
new device founded on the concept of “quantum effect." The quantum 
magnetic flux parametron, especially, has an excellent potential 
In terms of achieving an integrated circuit which, in principle, 
approaches the capacity of the human Drain. 


2. Long-Range Prediction for Practical Utilization 


If the practical utilization stage were to be assigned a numeric 
value of 100, then the numeric value assigned to the current 
Juncture relative to that R&D stage would be one of 10. The period 
of its practical utilization, therefore, wi!] begin around the year 


——— ~ « 


Comparison of advanced industrial nations’ R&D efforts in the field 
at this point indicates that very few of them are working on the 
concept of the superconductive device based on the series of 
“quantum effect" as a major future research undertaking. Japan’s 
cutting-edge electronic industry firms, nowever, already have been 
seriously grappling with this problem. 


Breakthroughs are required in the following key technologies: (1) 
VLSI/measurement/control technologies in the superelectric drive 
state (includes high temperature superconduction); (2) VLSI 
packaging technology; and (3) VLSI process/design technologies. 


As for the social barriers deterring the practical utilization of 
this technology, the governmental assistance policy for development 
of the superconductive technology and the effects of the general 
public’s strong feelings and value systems concerning the emergence 
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of a device which could rival human capability as does the 
superconductive device. Effects of economic restrictions include 
difficulties involved in securing adequate market scale (due to 
demands for advanced-function and high-performance devices), 
realizing low-cost products (necessary to successfully compete with 


the conventional-type device), and in introducing marketing 
principles (this 16s not a big factor), as well as inadequate R&D 
appropriations (trade-off with Insufficient funds), and 


difficulties associated with securing R&D manpower (which will 
become even more severe). 


3. Impacts On Industrial Economy 


It 1s estimated that the scale of the superconductive device market 
will reach approximately the 1 trillion-yen level. This will 
increase the number of related corporate research laboratories to 
five. 


Positive impacts which will be created by the superconductive 
device upon the industrial ecanomy are dramatic improvement in the 
performance and functions of supercomputers, rapid expansion of 
their application fields (large-scale simulations), emergence of 
high function computers equipped with the ability to make 
judgments, 1.e., artificial intelligence, a full-fledged robotic 
translation machine, and vitalization of database and social 
infrastructure industries. 


m 
computer systems and SS? and GaAs devices gradually will be eased 
out as they are being replaced by new devices. However, since 
application areas of information processing equipment and system 
are quite extensive, it probably will take some additional time 
before old devices are completely replaced by the new. 


From the standpoint of technological assessment, it is estimated 
that at a relatively gradual pace, this device will assume the 
major technological role. On the other hand, a dramatic increase 
In functions and capabilities of the new device will generate 
debates on the question of superiority of man over machine. The 
question of man’s dignity and of the separate roles to be assigned 
to man and machine will become an important issue. 


Super-Intelligent Chip 
1. Outline of Technology and Products 


In comparison with the present semiconductor chip, the functions 
of the super-intelligent chip is some 1000 times more powerful in 
terms of its intelligence. As a basic element of a system capable 
of high-level judgment, it is an effective chip. It is also useful 
aS a memory or processor chip. As the demand for intelligent 
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electronic equipment rises, the super-intelligent chip will play 
a significant role in providing intelligent judgmental functions 
In equipment. 


2. Long-Range Prediction for Practical Utilization 


If a numeric value of 100 were to be assigned to the practical 
utilization stage, then the relative value assigned to the present 
jJuncture of the R&D stage would be one of 5, which means that the 
practical 1: ‘ementation will take place around the year 2010. 


Comparison of advanced industrial nations’ R&D efforts at this 
point indicates that those which are specifically working on the 
development of a series of “intelligent device” are Japan’s 
cutting-edge electronics industrial companies and the U.S.’s 
semiconductor makers. The United States is ahead of Japan in 
processor chip technology. 


Key technologies requiring breakthroughs are the VLSI/packaging 
technology, intelligent software technology, and intelligent file 
technology. 


Social barriers which will impede practical application of super- 
intelligent devices will include aspects of social infrastructures 
such as the protection of privacy and accurate recognition of the 
division of roles to be played by artificial intelligence and by 
humans. Economic constraints will be found in the areas of (1) 
securing market scale which involves the parallel expansion of 
application fields, (2) realization of low costs through 
developmental and production efficiency, (3) introduction of the 
marketing principle (not a big factor), (4) R&D funding level 
eroded by the need for large scale equipment (the trade-off which 
must be considered due to inadequate funding in recent years), and 
(5) difficulties associated with securing R&D manpower 
(Increasingly, the effectiveness of education will be questioned. ). 


3. Impacts On Industrial Economy 


The super-intelligent chip market 1s es .mated to reach 
approximately the 1 trillion-yen level. The number of related 
corporate research laboratories, accompanying this, will be 
increased to around five. 


Positive impacts created by the super-intelligent chip on the 
industrial economy in terms of new industries and products wil] be 
advanced computers, neural networks, and artificial intelligence 
Industries. Among the industries and products which will be 
vitalized by the super-intelligent chips” are the social 
infrastructure industry, communication systems, and the automobile 
industry. Among the secondary effect industries and products will 
be the space industry, resource exploration, and the defense 
industry. 
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Negative impacts will be felt by the conventional type computer 
systems, devices, and home electronics. 


From the viewpoint of technological assessment, we can foresee a 
rapid increase in the use of super-intelligent chips in all types 
of equipment. On the other hand, a dramatic expansion of machinery 
functions and capabilities will ferment “man vs. machine” debates 
designed to determine which has the superior capabilities. The 
Question of human dignity and distinct roles to be played by man 
and machine will emerge as an important issue. 


Self-Reproducing Chip 


1. Outline of Technology and Products 


Unlike currently existing semiconductor chips, whose functional 
definition and behavioral control are handled by a so-called, 


“external command,” the functions and behavior of a ‘self- 
reproducing chip’ are determined internally. In other words, it 
possesses a self-organizing function. As an example of the 


Internal architecture of this new type of semiconductor chip, a 
“neural computing’ structure may be considered. 


The intelligent function of this kind of chip is as much as 1000 
to 10 million times more powerful than hose associated with 
maximum function chips currently available; and, as such, the new 
chip 1S a basic device which will prove effective either as a 
System memory capable of advanced-level decisioen making or as a 
processor. In the future, when we see a rise in demand for 
electronic equipment with an advanced-decision making function, the 
self-reproducing chip will play an essential role in_ the 
realization of such equipment. 


2. Long-Range Prediction for Practical Utilization 


If the practical ut?i]1ization stage were to be assigned a numeric 
value of 100, then the current juncture in the R&D stage, 
relatively-speaking, would be 5. This means that it will be 
sometime around the year 2050 when practical utilization of the 
chip will be realized. 


Comparison of various countries’ R&D efforts in the field at this 
point indicates that those pursuing basic research in an effort to 
create the concept of the “self-producing chip” are just a few of 
Japan’s pioneering electronic industrial firms and some limited 
segments of the U.S. electronic industry. 


Key technologies requiring breakthroughs will include self- 
organizing-type technology, self-learning architecture and software 
technology utilizing knowledge acquisition, and hyper-paraltlel 
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computing technology, and VLSI technology which realizes self- 
learning. 


Social barriers which will] impede practical application of self- 
reproducing chips have to do with accurate recognition of the 
difference in roles to be played by machines and humans 
respectively. The major effects of economic restrictions will be 
the lack of R&D funds, this being attributable to large-scale of 
investment required and the difficulties associated with securing 
R&D manpower in this field. 


3. Impacts on Industria! Economy 


The self-reproducing chip market is estimated to reach 
approximately 3 trillion-yen level. Accompanying this will be an 
Increase in the number of corporate research laboratories of 
related industries to around five. 


A positive impact created by the self-reproducing chip on the 
industrial economy in terms of the new industries and products 
emerging is the possible emergence of a so-called “computer with 
reasoning power” equipped with a self-reproducing function. 


Those which may be negatively impacted are the “non-thinking’™ 
computer systems whose actions are triggered by conventional type 
Instructions generated by humans, similar electronic devices, and 
electronic equipment. 


From the viewpoint of technological assessment, we can foresee use 
of self-producing chips mn many types of equipment. It 11s 
reasonable to assume that this would trigger many “man vs. machine’ 
debates, designed to determine which one possesses the superior 
Capability. Re-examination of the question of human dignity and 
of the distinction between man’s role and that of the machine wil! 
emerge as an important issue. 


Terabyte Optical File 


1. Qutline of Technology and Products 


Any file system which contains more than 10' bytes per system, of 
necessity, must incorporate optic file disks. These disks must be 
a read-write type. As 1t will be necessary to access on real time 
a file containing massive memory at high speed, the memory probably 
will have a multi-layered hierarchica! structure composed of a fast 
main memory and a buffer memory. 


2. Long-Range Prediction for Practical Utilization 


If the practical utilization stage were to be assigned a numeric 
value of 100, then the current juncture in the R&D stage in 
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atyve terms would be one of 10, whrch means that it will be 
sometime around the year 2010 when practical application of the 
terabyte optical fille will be realized. 


Comparison of varlous countries’ R&D efforts in the field at this 
point indicates that Japan’s cutting-edge electronic companies and 
a few European and U.S. companies are working on file systems 
constructed around oaptical disks and that Japan clearly 1s 
Substantially ahead of the rest of the world in this field at 
present. 

Key technologies requiring breakthroughs are the ultra-high density 
optic disk technology ‘read/write type), ultra large capacity 
filing system structure/retrieval technology, and peripheral 
Support technologies, vi1z., laser technology (optic source and 
beam) and ultra high density disk design technology. 

Secial barriers which will tend ta impede implementation af the 
terabyte optical file technology are governmental! policies 
concerning social data base construction, harmony between the new 
technology and the social infrastructure, and the general public’s 
awareness and value systems with respect to databases containing 
Knowledge and culture. Economic restrictions will = affect 
business's efforts to secure a market scale based on social demand 
for ultra-large volume files and to achieve lower per-bit costs. 
Also affected will be the R&D funding level, which wil] be reduced 
as a result of the large-scale investment required for equipment 
purcnases. The R&D staffing level will also be reduced. 


(WJ 


Impacts an Industrial Economy 


It 1S estimated that the terabyte optic file market scale wil! 

reach the approximately 2-trillion-yen level. Accompanying this 
11}] an increase in the number of corporate research laboratories 

QO around five. 

The positive impact created by the self-reproducing chips on the 
‘'ndustrial economy will be the rise of a massive-size database 

Industry. 


Its negative impacts will be felt by the conventional low- 
intelligence systems and equipment manufacturing Industries, which 
will begin to decline. Currently-produced optic and magnetic disks 
will be competing with the new terabyte files for a while, thus 
allowing the old and the new to coexist during that period. 
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Terabit Optic Communication Device 
l. Outline of Technology and Products 


The optic device, which will achieve ultra high-speed communication even 
faster than the 1012 bit System, is a key component of system configuration 
in the age of the full-fledged B-ISDM. This kind of speed is attainable only 
by ultra-coherent optic control. 


2. Long-Range Prediction for Practical Utilization 


If the practical utilization stage were to be assigned a numeric 
value of 100, then the current juncture in the R&D in relative 
terms would be 10. This means that it will be sometime around tne 
year 2010 when practical application of the terabit optical device 
actually will be realized. 


Comparison of worldwide R&D efforts in the field of ultra h 
speed optic communication technology at this point indicates tha 
there 1s a substantial gap between Japan’s efforts and those of th 
United States and Europe. In other words, Japan’s cutting-edge 
electronic companies are well! ahead of European and U.S. companie 
This situation probably will continue. 

Key technologies requiring breakthroughs are the ultra-coherent 
optic cantral technology, ultra high-density optic device design 
technology, and ultra-wideband B-ISDN technology. 


Social barriers which will tend to impede implementation of the 
terabit optic communication device are the public policy governing 
optic communication, especially the B-ISDN, coordination of social 
infrastructure regarding wide-band area communication, and the 
general public’s awareness and value systems with respect to the 
Importance of large capacity communication. Ecanomic restrictions 
will affect industry’s efforts to secure an appropriate market 
scale based on social demand for ultra large volume communication, 
to achieve low per-bit-cost, R&D funding level which will be 
reduced as a result of the large-scale investments required for 
large-scale equipment purchases, and the R&D staffing level. 


32. Impacts on Industrial Economy 


It is estimated that the market scale of terabit optic-file wi!! 
reach approximately 3-trillion-yen level. Accompanying this wil} 
be an increase in the number of corporate research laboratories of 


the related industries to anywhere between five and seven. 


Positive impacts created by terabit optic-communication devices on 
the industrial economy will be the further growth of the moving- 
Image communication industry (for instance, the entertainment 
Industry). The B-ISDN communication industry, as a result, wil] 
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expand. Moreover, the technology’s secondary effects will be felt 
by industries related to automobiles, social infrastructure 
systems, and energy explorations. 


Its negative impacts will be felt by the conventional-type 
communication systems, devices, and media industries, and those 
electronic equipment industries which do not stress communication. 
These industries will have no alternative than to cease growing or 
to decline. 


From the viewpoint of technological assessment, we can foresee many 
fundamental problems which must be dealt with in order to realize 
the terabit optic communication. Those, however, can be overcome. 
Moreover, if such ultra high-speed communication can be achieved, 
then the sharing of data and knowledge ona truly global scale, as 
well as achieving close global cooperation, wi!1 become feasible. 
We, then, will see the advent of an age in which the phrase, “the 
world is one,” literally will have become a truism. 


Optic Computing Device/Equipment 


1. Qutline of Technology and Products 


In order to improve computer performance by more than 1000 times 
the current capabilities, a computer system wil] be designed using 
optical technology which is free of electromagnetic effects. The 
technology consists of aptic device processors chiefly engaged in 
parallel processing, optic high-speed data communication paths, and 
optic memories. It goes without saying that partial substitution 
among these will be a possibility. From the standpoint of 
principles, what 1s involved is precision control of optical second 
and third harmonics. 

2. Long-Range Prediction for Practical Utilization 

if the practical utilization stage were to be assigned a numeric 
value of 100, then the current juncture in the R&D stage in 
relative terms would be assigned a numeric value of 5. This means 
that 1t will be sometime around the year 2020 when practica! 
application of the optic computing device and equipment actually 
will be realized. 


Comparison of various countries’ R&D efforts in the field of optic 
computing at this point indicates that Japan and the United States 
are about equal in terms of progress thus far made. It has been 
reported that in Europe, also, basic and theoretical research has 
been undertaken at several universities. The present situation 
1S expected to continue for sometime to come. Strong possibility 
of global cooperation leading to substantial development in the 
field exists. 








Key technoloaies requiring breakthroughs are ultra-precision optic 
control technology for SHG and THG and the miniature structure 
ultra-precisioan optic device design technology. 


No social barriers to prevent practical utilization of the optic 
computing appear to exist. Economic restrictions will affect the 
industry’s effort to secure an appropriate market scale based on 
social needs for optic and all other high-performance computers, 
demand for ultra large volume communication, pursuit of low-cost 
factors In production overcoming ever-increasing developmental 
costs, R&D funding level, the cut in which 1s necessitated by the 
industry’s need for more complex and large-scale equipment, and the 
R&D staffing level involving researchers knowledgeable both in 
optic and computing technologies. 


3. Impacts on Industrial Economy 


It 1S estimated that the optic computing, device, and equipment 
market scale will reach approximately the 3-trillion-yen level. 
As a consequence, the number of related industrial research 
laboratories wil! be increased to somewhere between seven and ten. 


Positive impacts created by the optic computing, device, and 
equipment on industrial economy will be the emergence of full- 
fledged super performance workstations (whose capability ranges 
from several hundred megaflops to in the gigaflops). We wil! also 
see dramatic advances made in software technology, enabling 
computers to perform processing with near-human intelligence, to 
carry out machine translations, and to perform large-scale 
simulations. Moreover, their secondary effects wil! have 
beneficial effects in the firelds of weather forecasting, 
space/earth explorations, earthquake prediction, ervironment, 
energy, the social infrastructure, and architecture, contributing 
to their advancement. 


Their negative impacts will be felt by the conventional-type 
computer system industries whose growth will be stunted. However, 
since this will] not take place immediately, there wil! be a period 
during which time the new and the old types of computer systems 
will coexist. 


From the viewpoint of technological assessment, we foresee many 
fundamental problems which must be dealt with in order to realize 
the potentials of optic computing, optic devices, and optic 
equipment. In order to avercome these problems, a globa! 
cooperative R&D setup will be found to be both necessary and 
effective. 








Biosensor 


, 3; + TY .* } , , } Dp > . 
Jutline of Technology and Products 


A biosensor is designed to make micro-quantity measurements through the 
combined use of biomolecular identification materials (such as enzymes, 
microorganisms, antigens, antibodies, ligand receptors, DNA, and RNA/DNA 


probes) with physical chemistry methodology. It already is being put to 
practical use in the fields of clinical analysis, industrial Process, and 
environmental measurement. Currently, research aimed at development of 
ultra-high degree of sensitivity, expansion of categories ot neasurable 


items, and development of ultra-compact size instrument is in progress. 
2 Long-Range Prediction for Commercialization 


f the commercialization were to be assigned a numeric value of 
: then the current juncture in the R&D stage could be assigned 
he numeric values, ranging from 50 to 60. This means that 1t wil] 
e sometime around the year 2000 when tne commercialization of 
rs actually wi!) be realized. 


Comparison of various countries’ R&D efforts in the biosen 
Indicates that 1f Japanese efforts were to be given asco 
points, then the United States would score 935 and Eu 
Indicating that at present Japan 1s slightly ahead of 
the world. 


Key technologies requiring breakthroughs are development of a 
Stable and high-sensitivity element as wel! as of chem!) luminescent 
materials. 


No social barriers, whether system-wise or government policy-wise, 
Stand 1m the way of commercialization of the biosensor technology; 
however, the industry’s efforts to secure market scale, to achieve 
low prices, and to ensure an adequate R&D staffing level will be 
affected, to some degree, Dy economic constraints. 


In order to solve these problems, 1t wi!1] be necessary to realize 


Tow pricing, increased stability and mass production through 
stepping up R&D efforts. 


7. Impacts on Industrial Economy 


Positive impacts < gPikayie by the biosensor on the industrial economy 
will include the emergence of a new taste sensor, of olfactory 
sensor, and of a fresanees sensor, which will] provide substantial 
growth for the sensor market and wi]! accelerate the development 


of such products as home electronics. 


Moreover 


fields. 


, 


the biosensor 1s expected greatly to vitalize medical 
This will be especially evodent in the field of 








artificial organs, in which technological innovations will occur 
rapidly. Use of biosensor technology is expected to raise 
diagnostic medicine to yet another level. 


Its negative impacts will be felt by the autoanalyzer makers, who 
will face a shrinking market even as they begin to compete with 
biosensor makers. 


Development of biosensor element technology already has been 
progressing in many fields. The point now is that the industry 
must explore future needs and find ways in which the technology 
will be utilized, as these two factors will be the key to its 
commercialization. 


Biocomputer 


1. Outline of Technology and Products 


4 biocomputer is a computer featuring biological characteristics. 
Although no definite concept has yet to have been formulated, we 
are being made to understand that it 1s a product capable of 
performing the kind of information processing which existing 
computers are unable to accomplish. Its research currently is in 
progress. Although its concrete technological image has yet to be 
formed, its characteristics are listed as follows: (1) high 
density integration of devices; (2) parallel architecture; (3) 
bidirectionality of one-dimensional and three-dimensional 
computing; (4) developmental capabilities, such as learning 
functions and evolution; and (5) kind to environment. 


2. Long-Range Prediction for Practical Utilization 


If the practical utilization stage were to be assigned a numeric 
value of 100, then, the current juncture in the R&D stage would be 
assigned 10, which means that it will be sometime around the year 
29020 when commercialization of biocomputers actually will be 
realized. 


Comparison of various countries’ R&D efforts in the biocomputer 
field indicates that if Japan were to score 100 points, then both 
the United States and Europe also would have a score of 100, 
indicating that all of them currently are at the same stage of 
development. At present, the biocomputer must be approached from 
both the life science and computing fields, as all biocomputer R&D 
projects are very much in their beginning stages. In Japan, 
leading manufacturers and, in the United States, venture capita! 
businesses are primarily involved in R&D. 


lopment of 
computers; 
so required 1s 


— (D 


biocnips, neurochips, and other new devices; para 


Key technologies requiring breakthroughs are d 
Ss; ] 
and such new logic methods as learning/smemory. A] 
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research into aptie computers, brain/nervous systems, and 
developmental bielagy, which will serve as peripheral technologies. 


Although no social constraints, whether in terms of system or of 
government policy, are standing in the way of practical utilization 
of the biosensor technology, still effects af ecanomic constraints 
will be felt to some degree in the areas of securing new markets, 
of inadequate R&D funds, and of securing R&D personnel. For these 
reasons, 1t wi!! be necessary to increase R&D budgets and manpower 
and to promote cooperation between computer scientists and life 
scientists, as well as among governmental, academic, and industrial 
sectors in Carrying out research. 


5. Impacts on Industrial Economy 


The biocomputer market scale cannot be ascertained at this point. 
Currently, there are twenty related industrial research 
laboratories, which number 1S expected to increase. 


Positive impacts created by the biocomputer on industrial ecanamy 
will be the part it will play in advancing the present information 
processing and information communication fields. It 1s also 
expected to vitalize existing computer, home electronics, medical! 
equipment, and machine tool industries. Its secondary effects wil] 
be felt by financial institutions’ information processing segments. 


Its negative impacts will be felt by manufacturers of conventional 
home electronic products, conventional-type medical equipment, and 
machine tools. 


Super-Parallel Computer 


1. Outline of Technology and Products 


Imagine a computer system which houses from in excess of 20,000 to 
a few million computer elements in a single computer! The system 
will be designed to extract problems which can be autonomously 
processed from those requiring processing. The computer will be 
designed to minimize total processing time through maximum parallel! 
processing. In other words, this is the computer which wil! come 
after the next generation of computers, with its architecture 
designed to maximiz total throughput by internal paralleling. 
This computer appears to offer a great deal of promise for 
mainframes and workstations. It aims at performance from a few 
hundred- to a few million-times more powerful than conventional 
computers. In other words, 1n terms of supercomputers, 1t achieves 
computing performance in the region of teraflops (execute more than 
1 trillion floating point operations a second). By designing a 
computer system using optic technology which 1s free of 
electromagnetic field effects, for example, we believe it wil! be 
possible to achieve this performance goal. 


12h 








2. Long-Range Prediction for Practical Utilization 


If the practical utilization stage were to be assigned a numeric 
value of 100, then, relatively speaking, the current juncture in 
the R&D stage would be 20, which means that it will be sometime 
around the year 2010 when practical application of superparallel 
computers actually will be realized. 


Comparison of various countries’ R&D efforts indicates that all 
Japanese computer manufacturers are seriously pursuing research in 
the superparallel computer field; and, that in the United States, 
also, several companies and universities are involved in the 
superparallel computer research. In Europe, although there 1s a 
report of theoretical research conducted at several universities, 
not much has been reported on the industrial projects. In this 
field, also, a great deal can be achieved by global cooperation. 


Key technologies requiring breakthroughs are the i1nter-super- 
parallel communication mechanism, the OS (operating system) 
software designed for superparallel processing, parallel linkage 
structure of application and process, technologies related to optic 
computing, viz., SHG, THG, and similar ultra-precision optic 
control technology,. Also considered important are ultra-fine 
Structural precision optic device design technology. 


Although no social constraints appear to stand in the way of 
practical utilization of the superparallel computer technology, 
nevertheless, economic constraints will deter, to some degree, 
business’s efforts (1) to secure appropriate market scale based on 
social needs for high performance computers, (2) to reduce costs 
so that ever-increasing development costs (the cost of building one 
prototype machine reportedly will exceed 20 billion yen) can be 
overcome, thus allowing the industry to manufacture computers, (3) 
to prevent erosion of R&D funding levels caused by the increased 
complexity and enlarged scale of systems, and (4) to secure R&D 
personnel who “can see a total picture’ (especially in OS software 
development). 


3. Impacts on Industrial Economy 


The superparallel computer market scale is estimated to reach 
approximately the 2 trillion-yen level. As a result the number of 
related industry’s research laboratories may increase to around 
five. 


ated by the superparallel computer on the 
s the possibility of emergence of the 
considerator, equipped with near-human functions--not as a 
theoretical product but as an actual product approximating human 
functions. In other words, computers currently in use are several 
hundred million times inferior to the human brain in the areas of 


A positive impact cre 
Industrial economy 1 
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processing characterized distinctly human (recognition, grasping, 
understanding, sensitivity, etc.). For this reascn, computers 
whose capabilities come close to humans’ do not exist at the 
present time. Emergence of the superparallel computer, however, 
wil] provide at least a partial solution to this problem. 


e 
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Neurocomputer 


1. Outline of Technology and Products 


A neurocomputer possesses an internal structure which approximates 
that of the numan brain; and, as such, 1s capable of achieving the 
kind of processing which existing computer systems find extremely 
difficult to execute in that it requires the abilities to “use 
judgment, to “estimate,” and to “grasp the total picture,’ 
normally attributed to human thought and behavior. 


2. Long-Range Prediction for Practical Utilization 


If the practical utilization stage were to be assigned a numeric 
value of 100, then, 1n relative terms, the current juncture in the 
R&D stage would be one of 5, which means that it will be sometime 
around the year 2030 when the~ practical utilization of 
neurocomputers actually will be realized. 


Comparison of various countries’ R&D efforts at the present 
juncture appears to indicate that all of the Japanese computer 
manufacturers are giving serious efforts to the field of 


neurocomputer research. Such endeavors have produced both a 
prototype machine for testing and partial development of software. 
Also, 1n the United States and Europe, several companies and 


universities have undertaken research projects; however, these 
latter stil] are in their theoretical stages. We can safely state 
that Japan 1s ahead of the rest of the world In this field. 
However, since the structure of the neurocomputer basical'y 1s 


extremely complex, containing such an element as “self- 
organization, the future of the research itself still is an 
unknown factor. Global cooperation will definitely contribute to 


rapid progress and development. 

Key technologies requiring breakthroughs are those designed to 
develop the architecture which approximates the human brain, th 
relevant computing structure and the structure of its linkage t 
memory devices, and the high-performance processing device wht 
achieves these. As a support technology, cooperative acti 
between the five senses (v1z2., sensory perceptions) and the 
computer, superparallel processing, and optic computing are also 
Important. 
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4 social barrier standing in the way of practical utilization of 
the neurocomputer 1s the serious question posed by the respective 











les to be assigned to the computer and to man, which, in turn, 
will affect the general public’s awareness and value systems 
concerning the technology. Economic constraints will deter the 
business's efforts toa establish applicable markets based on social 
needs for the neurocomputer, to bring production costs down by 
recovering hnuge developmental costs, to remove chronic shortages 
in R&D funds experienced by most pioneering businesses, something 
unavoidable in the “Age of Research Industry”, and to securing 
adequate R&D staffing levels. 


3. Impacts on Industrial Economy 


The neurocomputer market scale 1s estimated to reach approximately 
a 2-trillion yen level. As a result the number of research 
laboratories in related manufacturing firms will increase to around 
five. 


Positive impacts created by the neurocomputer on the industrial 
economy will be spectacular growth experienced by such industries 
as the robotic industry, which manufactures machines capable of 


carrying out tasks i1n an almast-human-like fashion. Tt goes 
without saying that the computer and database industries also will 
emerge as growth industries. Negative impacts, however, will be 


experienced by the conventianal-type computer industry, which wil] 
rapidly decline. 


From the viewpoint of technological assessment, we foresee rapid 
developments in hardware, software, and file systems, which will 
realize the development of neurocomputer technology, during the 
next 20 to 30 years. We can reasonably expect realization of the 
neurocomputer by integrating all of these components, and by doing 
so, we will come close to achieving the Fourth Industrial 
Revolution. 


Automatic Translation/Interpreting System 


1. Outline of Technology and Products 

A system which performs sequential and simultaneous 
translation/interpreting--this system wil! produce accurate 
transfer of sentences into Japanese or into foreign languages in 
an acceptable form. Basically this 1s accomplished by software. 
However, the end product will be a system configuration involving 


a VLSI high performance chip and an ultra-smal)!, massive file 
subsystem, on which a large-scale translation/interpreting software 


wi]! he mounted. 


2. Long-Range Prediction for Practical Utilization 


oa) 


Tf the practical utilization stage were to be assigned a numeric 
value of 100, then, in relative terms, the current juncture in the 








R&D stage would be 15, which means that 1t wil! be sometime around 
the year 2020 when practical application of the automatic 
translatian/interpreting system actually wil! he realized. 


Comparisons of var ous countries’ R&D efforts vhs the present 
Juncture in R&D of “automated translation/interpreting systems, 

indicates that both Japan and the United States are actively 
Pursuing research and development. In the United States, for 
Instance, Carnegie-Mellon University 1S conducting basic research 
In knowledge acquisition and self-learning, as well as the testing 
of cancrete prototype systems developed. In Japan, severa! 


proneering electronics manufacturing companies are grappling with 
research problems while converting some of their findings into 
finished products. 


Chnologies requiring breakthroughs include ae language 
ron technology which can deal with the se oan of 
es involved, hardware and system architectur component 

ogies, designed for online, realtime high-speed processing: 
inter-multi]ingual conversion technology; knowledge-base and 
expert systemconstructian/reconstruction/operation technology; and 
know ledge-acquisition/self-learning/self-organizing technologies. 


A social constraint standing in the way of practical utilization 
of the automated translation/interpreting system wil! be the 
relatively strong influence exerted by societal systems and by 
governmental policies, as well as the close connection which it 
inevitably will have with the social infrastructure. Moreover, the 
effects of the system’s relationship with language and culture, as 
well as value judgment to which the software will be subjected, 
cannot be ignored. Effects of economic constraints will be 
reflected in the need for firmly securing the large-scale market 
expected to emerge (although this will depend on the quality of 
translation involved in the mutual exchanges of technical documents 
between the U.S. and Japan). The ability to secure a large market 
Share will have a definite bearing on future technologica! and 
product development. Also important in this connection is the push 
for low cost. In the area of software development, shortage in R&D 
funds caused by the large-scale investment required in terms of 
manpower resources and the tremendous difficulties associated with 
recruiting R&D personnel will create some adverse effects. 


3. Impacts on Industrial Economy 
The automatic translation/interpreting system market scale is 
estimated to reach approximately 1 trillion-yen level. 


Accompanying this market will be an increase in the number of 
related industrial research laboratories to 20. Software 
application fields will witness vigorous R&D activity, INVElVINg 
a relatively large number of research organizations. 











Positive impacts created by the automatic translation/interpreting 
system industry will include emergence of a computer-based 
translation/interpreting industry, and the revitalization of the 
computer software-house, of the computer industry, and of the 
robotic industry. Those which will be affected by the secondary 
effect will be the publishing industry, newspaper/magazine firms, 
and broadcasting industry (television, radio, etc.). 


Negative impacts will be expervenced by the 
non-growth or from declining business. 

From the viewpoint of technological assessment, we fo 
opportunities on an international level and app! 


; 
automated translation/interpreting systems in various f 


Virtual Reality System 


1. Outline of Technology and Products 


A technology designed to create a kind of pseudo-virtual world 
using computer technology 1S designated as ‘virtual reality’ 
re 


technology. The “virtual ality system’ 1s a system which 
generates this pseudo-virtual world. For instance, using large- 
screen images and sounds, or simply Dy moving a chair in concert 
with screen images a system can create various kinds of 


experiences for users as if they actually are in an airplane or in 
a space ship. 


, Long-Range Prediction for Practical Utilization 


e to be assigned a numeric 
tne current juncture in the 

2 would be 20, which means 1t wil] be sometime around 
the year 2020 when practical application of the virtual reality 
System actually will be realized. 


ractical utilization stage wer 
In relative ter 


Regarding the comparison of various countries’ R&D efforts at the 
present juncture in the ‘virtual reality system’ field, both Japan 
and the United States are actively working on research and 
development of the system. At this particular point, however, the 
United States 1s more actively pursuing the system research. In 
the United States, for instance, the aerospace industry’s R&D 
projects and national level projects in support of the industry, 
are conducting truly large-scale simulations and are constructing 
excellent databases. 


Key technologies requiring breakthroughs will be those used in 


development of three-dimensional simulation models the super- 


’ 


computer application technology, and the self-growth-type database 
technology. 








One form of social constraint standing in the way of practical 
utilization of the virtual reality system wil] be the effects of 
its possible application to transportation systems as a part of the 


social infrastructure. Moreover, it will be influenced by the 
general public’s perception and value judgments regarding the 
system. Ecanomic constraints will affect the business’s attempt 
to establish a martet and to drive coasts down. Moreover, the need 
for making ‘large-scale investments centering around costs of 
securing technical specialists 1n the scftware develonment field 
and the resultant snortage in R&D funds, as well as other 


difficulties involved in recruitina R&D personnel must be dealt 
with. 


32. Impacts on Industrial Economy 

The virtual reality system market scale 1s estimated as reaching 
approximately the 1 trillion-yen level Accompanying this market, 
there will be an increase in the number of related industrial 
firms’ research laboratories to as many as 190. Software 
application fields wil] be extensive, and a large number of R&D 
divisions will be pursuing product research and development 


targeted for various social strata. 


Positive impacts created by the virtual reality system an the 
industrial ecanomy will include the emergence of the new simulatian 
industry (which probably wil! maintain supercomputers), and 
revitalization of computer software-houses, computer industries, 
the entertainment industry, and the aerospace ‘*ndustry. The 
secondary effects wil] be experienced by the information industry, 
the general communicatian-related Industry, the publishing 
1Ndustry, newspaper and magazine businesses, and hy television and 


rad’9o broadcasting industry. 


Negative impacts will be felt by industries which have tended to 
hold on to hardware-oriented products 


~~ —_—— 


Self-Reproducing Database System 


1. Outline of Technology and Products 

A self-reproducing database constantly updates and maintains 
itself Dy generating new data and provides timely revisian of old 
data based upon its own judgment. In addition, the database, 
equipped with learning canabilities, increases necessary knowledge 
™mN an organized fashion. There 1s an urgent demand for such a 
database by today’s society. Especially in the future when the 


amount of data wil] be further increased and every aspect of human 
activities and products of those activitie \ 

of technology but also in tie cultural domain as well) wi!!! be 
stored in a database (1t may be more correct to designate it as a 














culture base), the ‘self-reproducing database” wil] become an 
essential tool and wil! have an important role to play. 


2. Long-Range Prediction for Practical Utilization 


If the practical util1zat’on stage were to be ass? 9gned a numeric 
value of 100, then, relatively speaking, the current juncture in 
the R&D stage would be assigned 10. This means that it wil! be 
sometime around the year 2020 when practical utilization of the 
self-reproducing database will be realized. 


Comparison of various countries’ R&D efforts in the field at this 
point indicates that those pursuing basic research 1n an effort to 
create the concept of the ‘self-producing database system’ are 
prominent industrial and academic research institutes in the United 
States and a few of Japan’s cutting-edge electronic firms. 


Key technologies requiring breakthroughs are the automatic 
knowledge acquisition technology, the self-organizing technology, 
the self-learning technolagy, the knowledge filing software, as 
well architectural technology including both neural computing and 
superparalle! computing. 


Social constraints impeding practical application of the self- 
reproducing database system, 1n our apinian, would be the lack of 
accurate recognition of the division of roles to be assigned to 
machines and humans. The economic constraints would adversely 
affect business’s need to secure an adequate market scale, efforts 
to bring casts down, and the R&D funding levels (because of the 
need to make large-scale investments), creating difficulties in the 
recruitment of R&D personnel. 


3. Impacts on Industrial Economy 


The self-reproducing database system market 1s estimated as one 
reaching approximately the 1 trillion-yen level. This probably 
would require establishment of approximately 20 more related 
industrial research laboratories. 


A positive impact created by the self-reproducing database system 
on the industrial economy in terms of new industries and products 
would be the emergence of a self-reproducing database industry, 
specifically, a full-fledged knowledge-base industry. 


Those negatively impacted would be the ‘non-reproducing-type- 
computer systems which work only by blindly following” the 
anv nt 


1OnNal-type human instructions. 


From the viewpoint of technological assessment, we can foresee the 
use of self-producing database systems 1n al! areas of society. 
Tne system wil] control and organize a flood of data (whose volume 








otherwise would inundate society}, thereby maintaining social 
order. 


Superconductive Material: (High-Temperature Superconductive Coil) 


1. Outline of Technology and Products 


Superconductive material is a certain type of metal or oxide 
ceramic which possesses zero electric resistance below a certain 
temperature called the critica! temperature. The highest critical 
temperature at which the metal displayed its superconductivity was 


at 23 degrees absolute temperature(-250 degrees}. However, mn 
1986, oxide ceramic superconductive material with the critical 
temperature of 238 degrees was discovered, thus bringing 


superconductive technology one step closer to practical 
application. 


Coils made of this material exhibits zero electric resistance when 
energized, making it possible to provide a permanent flow of 
current without wasting any electricity. For this reason, if 
applications to transmission cables, electric generators’ power 
Systems, linear motor cars, and Josephson devices are put to 
practical use, the economic, technical, and social effects of this 
material wi!1 be immeasurable. 


2. Long-Range Prediction for Practical Utilization 


If the practical utilization stage were to be assigned a numeric 
value of 100, then, relative progress thus far made to bring R&D 
to the current juncture would be 3290. This means that i1t will be 
sometime around the year 2030 when practical utilization of the 
superconductive material will be realized. 


In comparing various countries’ R&D efforts in the field at this 
point, if Japanese efforts were to score 100 points, the United 
States would score 80 points, and Europe around 65 points. Japan, 


therefore, 1s ahead of the rest of the world in this field. 


However, Japan has not stepped up its spending in R&D and research 
manpower. The availability of research aid and supplementary 
funding, moreover, does not look particularly promising at present. 
In the United States, on the other hand, system-related research 
1$ making progress, and in Europe, basic research has been 
advancing. 


Key technologies requiring breakthrougns are the advanced 
technology designed to improve stability and durability of long 
electric coils, efficiency of wiring, and grain boundary quality; 
also required is a push for discovery of new materials. Important 








per ipheral support technology includes larger-scale and higher- 
efficiency refrigeration, and improvement 1m coi] technology and 
in handling technology designed to deal with fragile wire 
materials. 


Social constraints impeding practical application of the 
superconductive material im terms both of systems and governmental 


policy are negligible. However, there 1s a possibility that the 
industry very well may have to face the emerging problems of 
standardization and environmental pollution. These wi!] greatly 


limit the industry’s efforts to lower costs and to introduce the 
market principles, and wil! present difficulties in 1ts attempt to 
secure R&D personal. Moreover, the technology’s impact on 
environments and recycling problems wi!) have limiting effects. 
In order to solve these problems, it will be necessary to 
strengthen a setup in which matters of cooperation among 
researchers and other R&D personnel, funding, and facility 
exchanges can be carried out smoothly. 


Ceramics Gas Turbine Engine 


1. QOutline of Technology and Products 


type of engine based on 
arture from those of 

ne. By using ceramics as 
t will become possible to 


The ceramic gas turbine engine 1s a new 
operating principles which are a complete dep 
the conventional reciprocating-type eng) 
materials in the gas turbine engine, 1} 
produce an ideal engine characterized by high efficiency, a Tow 
environmental pollution factor, and the abrlity to use various 
kinds of fuel. 


2. Long-Range Prediction for Practical Utilization 


If the practical utilization stage were to be assigned a numeric 
value of 100, then, relative progr thus far made to bring R&D 
to the current juncture would be 40. This means that it will be 
sometime around the year 2000 when practical utilization of the 
ceramics gas turbine wil) be realized. 


In comparing various countries’ R&D efforts in the field of the 
ceramics gas turbine engine at this point, if Japanese achievements 
thus far made were to be given 1990 points, the United States would 
earn 120 points, and Europe around 110. Japan ws, therefore, 
lagging behind the United States and Europe. However, Japan has 
embarked on the national R&D project participated by three auto 
manufacturers in 1990. Since R&D funding and research manpower 
recently have been bolstered, together with an anticipated increase 
In research aid and supplementary funding, Japan’s R&D 1s expected 
to take off. 








Key technologies requiring breakthroughs are those $1 

Improve durability and reliability of ceramics, to achieve an 
improved exhaust system, and to effect cast reduction. As for 
peripheral support technologies, development of ceramic processing 
technology and design technology will be extremely 


Among social canstraints impeding practical application of the 
ceramics vas turbine engine, those related to systems, governmental 
policies, and the enviranment loom large. Very much in evidence, 
also, are ecanomic restrictions affecting the business’s efforts 


to secure adequate market scale, lower costs, and adequate k&D 
funding and R&D staffing levels. Moreover, even if the practical 
utilization of the engine should be realized and the desired 
widespread distribution stage reached, problems of training 
maintenance technicians and of setting up supply systems geared to 
use various types of fuels will remain. 


Tn order toa solve these problems and develop ceramics material 
technology, it wil! be necessary to strengthen the cooperative 
relationship among auto manufacturers and material makers, and, at 
the same time, toa strenatnen the social foundatian of mult?-fuel 
supply systems under public administratian guidance 


ti we er Oe 


2. Impacts on Industrial Ecanomy 


The market scale of the ceramic gas turbine engine is not clear. 
Positive impacts created by the ceramics gas turbine engine on 

ecanamy would be reflected mw" the tremendous 
revitaiization af the ceramic industry and emergence of such new 
fuel as methano!. The secondary effects, moreover, w1]] appear in 
the field of high-speed rotation generators, as well as in 
environmental measures developed to deal with automobile gas 
exhaust. 


Negative impacts wil! be felt by the automobile radiator industry 
which wil] ha oO compete with the new technology and may suffer 
from possible effects on its growth. 


— (PP 


New Glass (Nonlinear Optic Glass) 
1. Outline of Technology and Products 
Although not defined in any specific way, the new glass means 


“glass equipped with specified functions, or amorphous material, 
or a material which performs thermal and chemical processing, 


covering a very broad area. This report deals with nonlinear 
optic glass. The nonlinear optic glass is a high-speed light 
Switching device which can be driven by Tight and real1zes massive 
volume super-speed processing. Moreover, it brings us closer to 


realization of optic computer. 


— ~ 
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Long-Range Prediction for Practical Utilization 


, 5) 


If the practica! ut?lization stage were to be assigned a numeric 
value of 100, then, relative progr to bring R&D 
In new glass to the current point would be 0. However, we can 
estimate that 1t wi!! be sometime around the year 2010 when 
practical ut?!]1Zation of the new glass will be realiz 


In comparing various countries’ R&D efforts Int 


new 
glass at this point, if Japan were to be 9g a score of 100 
points for 1ts achievements, then the Unrted States would score 50, 
and Europe 0. Japan, therefore, 1s substantially anead of the rest 
of the world. However, since Japan currently is suffering from the 
lack of R&D funds and personnel, it wil] nave to rely on its future 


R&D efforts. 


Key technologies requiring breakthroughs are those involved 1n 
development of materrals, optical modules, and optic capacity. 


Although system and public policy factors wi!!l not be social 
constraints Impeding practical application of the new glass, 
economic restrictions wil! deter the industry’s efforts to secure 
an adequate market scale, to promote low costs, and to recruit R&D 


personnel. 
3. Impact on Industrial Economy 


Although the market scale of the nor currently 


S 
nuge market 


1s almost non-existent, it to grow into 

reaching the 1-billion-yen level in the year 2000 and the 1- 
trillion-yen level in the year 2010. 4s a result, related 
business researcn laboratories wil] be increased from the present 
10 companres to 30 In the year 29000 and in the year 2010, as many 
as 50 companies. Moreover, although the current R&D funding level 
1S 1 DITION yen, In the year 2000, rt will have climbed to the 1- 
bi ]llion-yen level, and in the year 20190, to a 10-b1]]10n-yen level. 
Positive immpacts created by the nonlinear optic glass on the 
INdustrial economy would be the appearance of new products, such 
as photoswitch, optic memory, and optic computers, on the market, 
and revitalization of the fields of optic communication and fiber 
optics. Although, the current R&D funding ¥s no more than 100 
million yen, im the year 2000, this wil! have been increased to 1 
billion yen, and, Dy the year 2029, to 10 billiiaen yen 


) 


Negative impacts will be felt by the conventional computer 
industry; since the nonlinear optic glass will compete with 
electronic circuits, the latter may experience possible decline in 


ability to grow. 














Optic IC 
Ll. Outline of Technology and Products 


Optic IC is an integrated circuit board on which optic and electronic 
functional characteristics have been aggregated, and for its chemical 
semiconductor, GaAs is used. Currently, its use is limited to a single- 
unit device, such as a semiconductor laser and a photoreceptor. Unlike the 
silicon IC, fabrication of an IC using semiconductor optic devices presents 
some extremely difficult technical problems. 


2. Long-Range Prediction for Practical Utilization 


If the practical utilization stage were to be assigned a numeric 
value of 100, then, the rel 


ative degree of progress made 1n optic 
IC R&D to bring It to the current point would amount to no more 
than 10, which means that optic IC probably could be put to 
practical use around the year 2010. 


ts im the field of the 
e 100 points, both the 
e 100 points, placing all 
t 


In comparing various countries’ R&D effor 
optic IC, if Japan’s efforts were to scor 
United States and Europe also would scor 
three on an equal footing. At present, both R&D funding and 
research staffing levels are being raised, with the prospect of 
research aid and supplementary funding also increasing. Moreover, 
the numbers of patents and research paper publications also are 
Increasing, generating expectations of still further advances in 
future R&D. 


Key technologies requiring breakthroughs are the dry etching 
technology and the selective crystal-growth technology. 


As for factors barring practical utilization of the optic IC, we 
perceive no social constraints insofar as systems and public 


policies are concerned. Economic constraints affecting the 
industry’s efforts to secure an acceptable market scale and to 
reduce costs, however, wil! be quite substantial. 


For this reason, the fabrication of a full-fledged prototype IC 
device wil! be an extremely important factor. At the present stage 
of development, validation of various functions 1s being conducted, 
although none, as yet, have gone beyond the initial stage at this 
time. 


a4 Impact on Industr ral Economy 


The optic IC market scale 1s estimated to reach the 1 billion-yen 
level in tne year 2000 and the 2-billion-yen level in the year 
2010. As a result, the number of related business research 
laboratories 1s expected to increase from the present 20 to 25 
companies by the year 2000 and to 30 by the year 2010. 








The optic IC is expected to contribute substantially to the revitalization 
of optic industries such as the optic communications industry. Advances 
made in the semiconductor laser technology will dramatically increase 
communication density, facilitating image communication and improving such 
factors as cost, reliability, and ease of maintenance. This also would 
generate substantial secondary effects stimulating the information- 
communication industry. Moreover, we probably will see such new products 
as a modulator-attached semiconductor laser, a multi-wavelength laser array, 
OEIC, and a photoswitch appearing on the market. 


Negative impacts will be felt by the microwave communication industry which 
must compete with these new technologies, and some segments of the industry 
may face a business slump. 


Semiconductor Super-Lattice Device 
1. Outline of Technology and Products 


The semiconductor super-lattice device is a super-speed ultra-high frequency 
device which utilizes semiconductor quantum effect. It achieves the speed 
of 1 PS and the frequency of 100 GHz. It is a new functional and multi- 
value logic device, equipped with memory and with advanced computational 
functions. 


2. Long-Range Prediction for Practical Utilization 


If the practical utilization stage were to be assigned a numeric 
value of 100, then, the relative progress made thus far to bring 
R&D in the semiconductor superlattice device the present point 
would be set at 10, which means that it will be sometime after the 
year 2010 when practical utilization of the device would be 
realized. 


Comparison of various countries’ R&D efforts in the field of the 
semiconductor superlattice device at this point indicates that if 
Japan’s achievement in the field were to be given a score of 100 


points, the United States would score 150 and Europe 100. The 
United States is the most advanced in the field while Japan and 
Europe are considered as being about par. Japan, however, has 
undertaken several large national projects, viz., the large-scale 


Ministry of Education Project, MITI’s Device Association Project, 
and the STA project. Since both the public and private sectors are 
greatly increasing their R&D funding and their research manpower 
levels, advances in the field most likely will follow. 


Key technologies requiring breakthroughs are developments of an 
element device with new functions, the invention of an element 
device based on a new operational principle, and a technology which 
show quantum effect at room temperatures or at 77K+ temperatures. 
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As for peripheral support technology, micro-processing technology, 
ultra-low-no1ise measurement technology, and a new functional 
element device design/systematization technology wi1] be required. 


Social constraints in the areas of system, public policy, and 
environment will have some adverse effects on the practical 
implementation of the semiconductor superlattice device. Economic 
constraints, however, will have greater effects, especially in the 
areas of securing appropriate market scale and of achieving low 
costs. Lack of sufficient R&D fundings and the difficulty 
encountered in securing R&D personnel will also be restricting 
factors. 


In order to resolve these nroblems, it will be necessary to develop 
an extra-fine processing technology, a new operational principle 
which will capture the market, and to invent and develop an element 
device with new functions. 


3. Impact on Industrial Economy 


The semiconductor superlattice element device market scale 1s 
expected to reach a 500 billion-yen level by the year 2010. As a 
result, the number of related industry’s research laboratories is 
expected to increase from eight companies at preset to ten in the 
2000s. 


Positive impacts created by the semiconductor superlattice element 
device on the industrial economy would be the acceleration of 
technological innovations in the semiconductor industry as well] as 
Vitalization of fields which utilize semiconductors. Achievement 
of a superspeed semiconductor will greatly affect the computer 
industry. New products which will appear on the market in the 
future and generate a great deal of expectation will include a 
digital IC, a superspeed analog IC, and microwave/milliwave band 
active element devices. 


Amorphous Alloys 


1. Outline of Technology and Products 


Amorphous alloys are produced by quickly cooling melted metals to 
prevent the formation of ae crystalline nucleus, and are 
characterized by tensile strength, toughness, and excellent 
magnetic properties. 


The amorphous alloys may be divided into the Fe and the Co groups. 
The Fe group, characterized by high saturation magnetic flux 
density and relatively non-rigid good magnetic properties, can be 
used 1n pole transformers. Because of its non-rigid maqnetic 
Property, the Co group can be used in the switching of electric 
sources and sensors. 





2. Long-Range Prediction tor Practical Utilization 


If the practical utilization stage were to be assigned a numeric 
value of 100, then, the relative progress made thus far to bring 
the amorphous alloy R&D to its current point of develapment would 
be 60, Comparison of various countries’ current R&D efforts in 
this field indicates that if the scare of 100 points were to be 
accorded Japanese efforts, then the United States would score 120 
and Europe 60. Thus, in this field, the United States has the most 
advanced technology, followed by Japan. Use of the amorphous alloy 
In pole transformers was the tonic oft discussian at the U.S.-Japan 
Structural Initiative meeting. Although the United States leads 
Japan in R&D, the two countries are about even in practical 
utilization of the amorphous alloy in electric sources switching. 


Key technologies requiring breakthroughs would be those of its mass production 
and insulation/coiling. As peripheral support technologies, a new type of 
insulation material for transformers and a high-frequency compact-size 
packaging design technology for use in switching electric sources will be 
required. 


Social constraints created by the public system, public policy, and social 
infrastructure considerations will adversely affect practical utilization of 
the amorphous alloys. Economic factors restricting such practical utiliza- 
tion are evidenced in the areas of securiny an adequate market scale and 
reducing costs, in insufticient R&D fundings, and in the shortage of 


research personnel. 


The most immediate steps to be taken in resolving these problems will be to 
eliminate the political tensions existing between the United States and 


} 


Japan. lt is important, also, to work on reducing iron core loss and cost 


reduction through mass production. 


3. Impact on Industrial Economy 


The scale of the amorphous alloy market cannot he determined at 


4 


this time. However, since operational eneray loss 1s extremely 
smal!, if prices are reduced, power companies, no doubt, wil] use 
the material for their transformers. Fynansion af the market 


scale, therefore, can be predicted for the future. 


Positive impacts created by the amorphous alloys would. be 
revitalization of the transformer industry resulting from their 
application to the transformer iro3en core. Secondary effects may 
appear in the storage battery field | . 


Moreover, since their power loss 1s sa small, use af the amorphous 
alloys promises substantial power savings. Exnectations of the 
Substantial effects such energy Saving would generate are nigh. 











Hydrogen Absorbing Amorphous Alloys 
lL. Outline of Technology and Products 


Hydrogen 


absorbing alloys, which can both absorb and ‘reversing 1ts 
process) re 
re 


a 

lease hydrogen, produces metal hydride through a metal- 
action by increasing pressure and lowering temperatures. 
Q 


ee 


hydrogen re 

They can store an amount of hydrogen equivalent to the capacity of 
amilk bottle per 1 q. alloy at O<degrc, latm. 

Its capacity is larger than tnat of the NiCd battery, currently 
considered a leading secondary batter y. Since hydrogen absorbing 
allays can be used as a substitution, it 1s used 1n a nickel- 
hydrogen battery, Its application 1s not limited simply to 
hatteries. Currently, researchers are working on its application 
to neat pumps 


2. Long-Range Prediction for Practical Utilization 


If the practical utilization stage were to be assigned a numeric 
value of 100, then relative progress thus far made to bring the 
nydrogen absorbing alloy R&D to the current point would be OQ. 
However, 1t 1s estimated that the practical utilization stage would 
be reacned by the year 2010. 


Comparison of various countries’ current R&D efforts in this field 
indicates that if the score of 100 points were to be given to 
Japanese efforts, then the United States would score 90 and Europe 
RO, indicating that Japan 1s slightly ahead. 


Key technologies requiring breakthroughs would be thase designed 
to increase hydrogen absorbing capacity, to reduce hysterisis loss, 
and to improve the plateau characteristic; also required 1s 
establishment of mass production technology aimed at reducing 
prices. As for peripheral support technology, development of 
filter and activation technology wil]! be considered important. 
Social constraints created by system and public policy 
considerations will adversely affect the practical utilization of 
the hydrogen absorbing amorphous alloys to a certain degree. 
Economic constraints, however, will be more serious, undermining 
the industry’s efforts to secure adequate market scale and to 
effect cost reduction. 

3. Impact on Industrial Economy 


Tne scale of the hydrogen absorbing amorphous alloy market cannot 
e determined at this time. A positive impact the hydrogen 
absorbing amorphous alloys will have on the industria! ecanomy will 


o 








be revitalization of the electric manufacturing industry resulting 
from product innovations involving batteries and heat pumps. 
Industrial and home refrigerators, also, are expected to change. 


Moreover, the hydrogen absorbing amorphous allovs will replace lead 
batteries. Since batteries made of hydrogen absorbing amorphous 
will offer compact size togetner with large capacity and are free 
of harmful substances, there 1s a very good chance that they will 
bring electric automobiles to the practical utilization stage much 
faster than previously had been thought possible. Moreover, they 
are directly linked to the compact size and light weight of 
portable items, such as personal computers, OA equipment, and 
cameras. 


Negative impacts arise from the fact that they wi!] be competing 
with NiCd and lithium batteries, thus adversely affecting growth 
of the existing battery market. 


Moreover, since their power loss is so small, use of the amorphous 
alloys batteries promises substantial power savings. Expectations 
are high for the tremendous effects such energy savings would 
generate. 


Magnetic Material 


1. Outline of Technology and Products 


The magnetic material consists of (1) “soft material” (material 
exhibiting high magnetic ratio), which 1s easily magnetized by an 
external magnetic field and whose magnetization can be reversed by 
inversion of the magnetic field, and (2) a hard material whose 
coercive force resists reversal of its magnetization. A soft 
magnetic material 1s used in the magnetic core of transformers, 
electric generators, and electric motors, and so, sometimes, it 1S 
designated as magnetic-core material. Electromagnetic iron plate, 
soft ferrite, and permalloy are soft magnetic materials. A hard 
magnetic material 1S used 1n permanent magnets, audio and video 
tapes, and computer disks. 


2. Long-Range Prediction for Practical Utilization 


If the practical utilization stage were to be assigned a numeric 
value of 100, then, the relative progress thus far made to bring 
the magnetic material R&D to its current point would be around 60. 


Comparison of various countries’ current R&D efforts in this field 
Indicates that if a score of 100 points were to be aiven to 
Japanese efforts, then the United States would score 80 and Europe 
around 40, indicating that Japan is slightly ahead. 
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No new development has taken place recently in the magnetic metal field. 
However, in application areas, practical use of rare metallic thin films in 
optico-magnetic media almost has been established. Other than that, we know 
of no new applications in either of the groups, soft or hard. 


key technologies requiring breakthroughs would be those designed 
to achieve high-magnetic flu»x density and high coercive force. 
Also required wil! be development of new materials with empnasis 
on low-priced materials and technology using a2 metallic 
Super lattice. As for peripheral support technology, development 
of a computer support program in material design will be required. 


As an obstacle to practical implementation of the technology, 
weakened foundations of basic research in academic institutions may 
be cited. Economic canstraints undermining the business’s efforts 
QO secure adequate market scale and to effect low casts will he 
substantial. 


("t 


In order to resolve these problems, it will be necessary to 
strengthen basic research at universities and to develop mass 
production, realizing low casts. 
3. Impact on Industrial Ecanomy 


The scale of the magnetic materials market cannot be ascertained 


at this time. Positive impacts created by the magnetic materials 
on the industrial economy would be the revitalization of the FA 
Industry, which includes the robotic industry; and of 
electric/elac trranie INdustries which use pr Inters, facsim?) les, CD, 
and other comnact motors. Their secondary effects wil! be felt by 


the automobile industry. 


Negative impacts arise from the fact that tney may compete with 
such an ovide magnet as the ferrite magnet hecause of Its price 
factor, and this will have adverse effects an its market. 


From the standpoint of technological assessment, the reuse of rare 
metallic elements and methods of recovery wil] become important 


factors. 


Or ganic Nonlinear Photoe lectranie Element 


1. Outline of Technology and Products 
The organic nonlinear photoelectr ic’s refraction index change: 
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of optic computers whose performance will be far superior to those of 
semiconductor-based computers. 

2. Long-Range Prediction for Practical Utilization 

Tf the practical utilization stage were to be assigned a numeric 
value of 100, then, the relative progress made thus far to bring 
the organic nonlinear photoelectronic element R&D to Its current 
point would be set at around 20, This means that practical! 
utilization would be achieved at sometime in the year 2020. 


Surrent R&D efforts in this field 
ates, where Qa government-sponsored 
™m progres 


Comparison of various countr) 
indicates that the United S 


‘ 


ctr «D 


large-scale project is S, 1S ahead of the rest of the 
world. In Europe, also, an R&D project invalving the entire EC, 
1S being undertaken. In terms of progress made thus far, this 


project 1S about on a par with MITI’s next generation technology 
research project which includes this field as one of its research 
themes. 


Key technologies requiring breakthroughs would be the evaluation 
technology which clarifies nonlinear photoelectronic material’s 
super-speed phenomenon and molecular design technology which 
determines the optimal molecular structure generating the largest 
nonlinearity and which optimally arranges those molecules. Also 
required would be the molecular-arrangement control technology, 
various miniaturization technologies (for instance, thin-film 
preparation technology), and the inerganic-organic junction 
technology. 


1] implementation of the technologies, 
” its may affect standardization of the 
material. Economic constraints may result in the lack of R&D 
funding and difficulties involved in securing R&D personnel. 
Moreover, the organic nonlinear photoelectronic materials may face 
stiff competition from such inorganic group materials as compound 
semiconductor and semiconductor doped alass, or an MQW (quantum 
well) element and bioelements. 


As abstacles to practica 
social syst str 


The key point of practical utilization of the organic nonlinear 
pDhotoelectronic element is that it is essential to develop a 
material which satisfies the degree of phota-non!inearity 
(established hy MITI’s Next Generation Research Theme), or super 


t 
ss 


speed response characteristics. In our present situation, we have 
yet to reach the stage of effective material design based on the 
of this phenomenon. Further effort to bolster our 


understanding of 
Capability on ¢t 
research through 
Furope will be producing results. 


b 
at cannectian and to accelerate the necessary 
nformation exchanges with the United States and 
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3. Impact on Industrial Economy 


The organic nonlinear photoelectranic material market is estimated 
to reach the 10 billion. yen-level by 2020, the year in which its 
practical util1Zation would be realized. As a result, the number 
of research laboratories of related industries probably will be 
increased to around 40 companies. 

Positive impacts which the nonlinear photoelectranic element wil] 
have on the industrial economy would be the emergence of new 
products, such as optic computers, optical amplifiers, super-speed 


photo switches, and optic modulators. Existing products such as 
optic fibers and lasers will be greatiy revitalized. As a 


consequence, we should be able to expect revitalizatian of the 
optical information processing industry, which manufactures and 
markets these products, and of the optic communication industry in 
general. 


Photochemical Hole-Burning Memory 
1. Outline of Technology and Products 


tic memory device designed to uti!1zes changes in the 
ergy state caused by Jight. By using variable 
wavelength laser beam focused on its boundaries, 1t can record not 
only two-dimensional information but also wavelength-dimensional 
Information on one recording spot as well, achieving a recording 
density approximately 1000 times that of currently available optic 
disks. Since it 1s possible to store a large volume of 
information, it can be applied to the parallel processing of data 
1m time sequence as well as to arithmetic operations. 


This 18 ano 
molecular e 


2. Long-Range Prediction for Practical Utilization 


If the practical utilization stage were to be assigned a numeric 
value of 100, then, the relative progress thus far made to bring 
photochemical hole burning memory R&D to the current point would 
be set at around 30. This means that the practical utilizatian 


would be achieved at sometime in tne year 2020. 


Comparison of various countries’ current R&D efforts in this field 
Indicates that none have yet to advance beyond the basic research 
stage. The United States (IBM and others), first to pay attention 
to application of the photochemical hole burning phenomenon to 
memory technology, however, 1s ahead of the rest. In Europe, both 
universities and industries are actively engaged in research, and 
they appear to be slightly ahead of Japan where MITI’s Next 
Generation Research Themes Project 1S 1 progress. 


Key technologies requiring breakthroughs would include molecular 
design and molecular arrangement control technologies, aimed at 
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Jesigning optimal host and guest and at working out the optimal 
en tecuiar arrangement so that recording density may be greatly 


Increased and high-temperature functionality achieved. Also 
required would be the evaluation technology, designed to assess 
memory iam terms of its life-span and its reliability. As a 


peripheral! technology aimed at effective use of optical memory, we 
also should include the technology designed for the advanced use 
of laser, v1z., development of a recording and reading laser; low- 
temperature technology; and parallel information I/O technology. 


to practical implementation of the technology, 


social sys Straints may deter standardization of material. 
Ecanomic canstraints may cause the lack of R&D funding and thus 

reate difficulties In securing R&D personnel. As for competing 
memories, the extent to which per-bit cost may be reduced wi!] be 


the major factor in determining how the optical memory market wil] 
fare. More in the area of high-density memory, the opto- 
magnetic memory, phase-change utilization molecular memory, and 
the photocromic molecular memory will be the majdor competitors. 


In order to resolve these problems, it will be essential to 
strengthen and accelerate the pace of research conducted under one 
of MITI’s Next Generation Research Themes, 1n a — n entitled, 
“aptiecal reaction material,” and in the basic research involving 
development of materials and systems. 


' 


ad 


Impact on Industrial Economy 


The photochemical hole burning memory market 1s estimated to reach 
the 19 billien-yen level by 2020, the year 39 which its practical 
utilization would be realized. As a result, the number of related 
" research laboratories probably wil] be increased to 
around twenty companies. As positive impacts created by the 
photochemical hole burning memory on the industrial economy, we can 
cite revitalization of the optic information processing and optic 
communicatian industries which manufacture aptical computers, optic 
fibers, and lasers. 


Industries 


Molecular Device 


1. Outline of Technology and Products 


This 1s a device fabricated by assembling molecules rather than by 


— 


relying on the ultra-precision processing method. It 1s 
characterized by a high degree of integration, exceeding current 
VLSI. Moreover, pnecause if 1S a high-speed, low-energy 


consumption-type device, it will replace today’s VLSI memory and 
wil! be used as a mainstay device in super-speed computers. 








2. Long-Range Prediction for Practical Utilization 


If the practical utilization stage were to be assigned a numeric value of 100, 
then, relative progress thus far made to bring molecular device R&D to its 
current point would be placed at about 10. This means that the advent of the 
practical utilization period would take place in the year 2020. 


yes’ current R&D efforts in this field 
t to nave advanced beyond the basic 
nh level of the United States and Japan 
are about equal, while Europe may be slightly behind. 


research stage. The resea 


f key technologies requiring breakthroughs, a tool designed to 
erform molecular-leve!l assembly and formulation of methodological 
heory wi!1! be considered the most important. For instance, there 
Ow 1S an urgent need for a breakthrough in the accurate assembly 
f from twenty to three hundreds A domains (molecular assembly 
echnology and thin-film preparation technology) and the wiring 
(inoraanic/organic combination technology) designed to 
k them. 4isq considered importani. would be the evaluation 
chnology designed to assess reliability and !:1fe span of the 
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rial. Economic constraints may interfere with securing of an 

market scale and with realizing low costs, as wel! as 

ating a lack of R&D funding and difficulties in securing R&D 

Ss for sensors, we tend to belreve that the molecular 

achieved at a relatively early time, in which event, 
a 


y will be competing with semiconductors and ferroelectric 
c 


3 
to 


M pw 
mnsranwon 
‘D 
© DO OM 
c 
ww 
ct 
D 


~ 
- 


nN rat 


In order to resolve 
Intensified efforts in 
technology, a molecu ; Cc 
arrangement technoloay be moun t of a national pro 
Jointly undertaken by the public, 1¢, and private sect 
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3. Impact on Industrial canamy 

The scale of the molecular device market 1s estimated t 

10 bDillion-yen level by 20, the year mn which its r 
qd. As a result, the number of r 

ustrives probably will be incre 


utilization would be re 
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approximately 20 companres. 
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As positive impacts created by the molecular device 


Industrial economy, we can cite emergence of such new produ 
molecular memory, molecular processors, and molecular s 
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which will revitalize the information and communication indus 











It also will create new industries which manufacture materials used in 
molecular devices or intelligent materials into which molecular devices are 
incorporated. Negative impacts would be felt by the conventional semi- 
conductor and computer industries. 


Thermoplastic Molecular Complexes 


1. Outline af Technnolagy and Products 

Characterized by high heat resistance and high e’asticity modulus, 
comparable to those poaeeeaee by metals, thermoplastic molecular 
complexes are light-weight organic polymers, easy to mold hecause 
of ther thermoplastic ty. Unlike the FRP (‘fiber reinforced 
plastics), their canstituent resin contains reinforced molecular 


framework, thereby eliminating the brittleness found in the 
reinforced fiber-matrix resin interface, characterizing the FRP. 
The possibility of tts widespread use as a substitute for light 


metals and ERP is great. 


2. Long-Range Prediction for Practical Utilization 


If the practical utilization stage were to be assigned a numeric 
mage to bring 
thermoplastic molecular camplexes R&D to the ct t point would 
be placed at approximately 39. This means that rts industria! 
implementation would be realized at sometime in the year 2040. 


value of 190, then, the relative progress thus 


Comparison of various countries’ current R&D efforts in this field 
Indicate that the United States, which 15 pursuing research in 
nano-scale self-assembly molecular complexes, 1s leading the world 
mn this freld. In Japan, basic high-polymer research 1s 
progressing well. 

Key technologies requiring breakthroughs wil] Include the 


technology for design and synthesis of thermotropic liquid crystal 
and other advanced-tunction high liquid crystal polymers, the 
polymer alloy technology which achieves structural design and 
assembly at a molecular tevel, the resin molding fabrication 
technology, and the reliability assessment technology. 


Acs for ohstacles to practical implementation of the technology, 
social nmstraints would be laws and regulations governing new 
materials and the current trends 1m waste recovery and recycling. 
In terms of economic constraints, although these depend on mater a! 
costs and the extent of environmental problem, the foremost problem 
may be the small scale of the metal market (according to the 
current estimate) which the new materials wil! be replacing. 


Thm order to solve these problems, 1t IS Important to intensify 


joint etforts, involving public, academic, and industrial sectors, 
to carry out researcn and development of uses of the new material 
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together with in-deptn Dasic research in three-dimensional gh 
durability/elasticity polymers and in nano-scale self-assembDiy 


molecular design technology. 


3. Impact on Industrial Economy 


At this potnt, the future potentials of thermoplastic 
complexes In terms of quality, performance, and cast 
The extent of Impact of the new material on the indus 
ultimately will depend on the extent to which it can replace the 
use of metals and FRP. If we were to hypothesize that the 
thermoplasticity molecular complexes can achieve the quality and 
cost comparable to thase of light metals, then the industries which 
would be positively impacted and revitalized would be the liquid 


vy molecular 
re unknown. 
1a! economy 


ee ee 


crystal and other high polymer mNdustries and the 
vehicle/shipbulilding industries. In such cases, negative impact 
will be felt by the light metal and FRP industries. From the 
Standpoint of technological assessment, since it does not belong 
to the composite material group, recycling would be relative easy. 
However, the problems of plastic waste management and recycling 
will remain, pointing to the importance of government-sponsored 


coordinated systems to deal with these problems. 
High Performance Carbon Fiber Reinforced Plastics 
1. Outline of Technology and Products 


Because of its excellent mechanical property, the high performance 
carbon fiber-reinforced plastic is widely used as a metal 
substitute in the structures of atrplanes, automobiles and 
vehicles. For this reason, it will be necessary to (1) improve 
performance, (2) lower costs, and (23) enhance reliability. 
Currently mn progress are the development of three-dimensional 
reinforcement of reinforced materials, the increase of resin’s 
toughness, Improving its environment-resistant characteristics. 
prevention of defects 1n molding, development of molding technology 
Suited to mass production, development of a non-destructive quality 
assurance test method, and the construction of a design database. 


2. Long-Range Prediction for Practical Utilization 


If the practical utilization stage were to be assignec numeric 
value of 100, then, the value of the relative progre hus far 
made to bring the high performance carbon fiber rein: plastic 
R&D to its current point would be set at approrimate rd. This 


means that 1ts industrial implementation would be reaiized sometime 
in the year 2000. 


s*’ current R&D efforts in this field 
‘erall achievement the United States 
erms of productive and technical 


Comparison of various countrie 
Indicates that In terms of oO 
ranks at the top. In t 











capabilities of carbon fiber as a reinforced material, however, 
Japan’s achievement is considered as being at top level. 


Key technologies requiring breakthroughs will include the mass 
production molding tecnnoalagy and the advanced-function 
fiber/resin, and the preform/optimal component material desian 
technologies. 


As for oabstacles confronting practical implementation of the 
technology, social canstraints would be laws and regulations 
governing use of new materials, inadequate educationa! proorams 
offered Dy universities and calleges, recycling problems, and the 
current code regulating industrial waste management. Key economic 
constraints would be those deterring the expansion of the market 
(backed by reliability) and efforts to lower material costs. 


ms we should consider 


In order to resolve the lems, 
Zatian, such as the Advanced 


—_ 
establishment of a development organ 
Composite Material Development Association, bringing government , 
academics, and industry together to pursue the development of 
light-weight structures (for instance, airplanes, automobiles, and 
linear motor car vehicles). 


Impact on Industrial Econamy 


( 


It 1s estimated that the scale of the advanced performance carbon 
fiber reinforced plastic market w1i!1 have reached approximately the 


200 billion-yen by the year 2000. The growth would center around 
the aircraft industry im which the need for light-weight material 
1S most keenly felt. Consequently, its positive impacts on the 


industrial economy would he the revitalization of the composite 
material manufacturing segment of the materials industry, the 
aircraft manufacturing industry, automobile manufacturers, and of 
production machinery manufacturers. The beneficiaries of the 
secondary effect most likely would be the defense industry and 
construction businesses. 


Negative impacts would be felt by the non-metal industry in areas 
in which 1t wil] compete with the high-performance carbon fiber 
reinforced plastic industry. However, since each materia! has its 
Own niche fin terms of its use), based on its unique 
characteristics, the degree of competition would be smal). 


From the standpoint of technological assessment, the problems of 
material recycling and waste management must be mentioned. It wil] 
be necessary, moreover, to examine the new material from the 


standpoint of resources savings, comparing 1t with metals from the 
Standpoints of consumption and of recovery of total energy. 
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Advanced Metallic Composite Material 


a 


1. Gutline of Technology and Products 
As development of faster aircraft and man’s exploration of space 
Ss 114 


+ 
gather momentum, needs for composite materials, such as meta 
ea) 


‘ican carbide fiber, boron fiber, and whisker-reinf 
s, will increase. Especially in the aerospace industry, 
strong need for materials which can withstand actions 
»f atomic oaxygen. Since resin composite materials have short 
lifespan and are not sufficiently heat-resistant, the metallic 
, which combine light weroht, high elasticity 
modulus with acid resistant and heat-resistant characteristics, 
are considered a better candidate. 
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composite materials 


2. Lonye-Range Prediction for Practical Utilization 


f the practical utilization stage were to he assianed th 

2}ue oF 100, then, the value of relative progress thus far made 
tro bring the advanced performance metallic group compos?te 
materials RAD to its current point would be about 10. This means 
that ofs industrial implementation would be realized sometime in 


2 numeric 


Comparison of various countries’ current R&D efforts in this field 
Indreates that the United States, which already nas begun 
investigation of practical utilizations of the material in space 
craft, 1s leading the world both in basic and application research. 


Key technologies requiring breakthroughs wi! ] include fabrication 
technology for large structural! units and reenforced 
materials(including whisker); low-cost technology for the 
production of metallic composite materials, and relrability 
assessment technology. 


As for obstacles to practical implementation of the technology, 


social fanstraints would be laws regulating the use of new 
materials and environmental safety measures which wi!!] deal with 
effects of whisker filaments on the human body. Economic barriers 


would be the limited scale of the market, lagging efforts heing 
made to promote utilization and marketing, and factors blocking the 
eypansi1on of a market backed by relovabi!lity and efforts to lower 


In order to resolve these problems effectively, we should work 
togetner to further the Next Generation Material Basic Research 
Program under MITI’s guidance, so that emphasis w?!]! be shifted 


instead toward manufacturing technology, performance evaluation, 
and ut?:]1zation development. 
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Impact on Industrial Economy 


As has been stated before, the field to which the advanced FRM car 
be applied is pretty much limited. The scale of the advanced 
metallic composite materials market, therefore, can he estimated 
as reaching from a 50 billion yen to a 100 billion-yen level by the 
year 2050. However, the development of this material will be the 
key to the extensive space development program. We pelleve, 
therefore, that the material will generate a great deal of 
expectation for the role it will play in the distant future 

Positive impacts created by the advanced metallic composite 
material on the industrial economy would include revitalization of 
the metal-processing mNdustry, the aerospace industry, the 
production machinery industry, and the meta!l-fiber manufacturina 
industry. As for industries which may be impacted negatively, we 


Cannot think of any at this time. 


From the standpoint of technological assessment, environmental 
problems caused by whisker filaments and recvelina nroblems 
InvalyiINng advanced metallic composite materials, although 


Quantitatively negligible, should be investigated. 
Advanced Ceramic Group Composite Materials 


1. Qutline of Technology and Products 


As a substitute for heat-resistant metals, ceramic composite 
materials are being used 1n mechanica! parts, such those used in 
jet engines. Oxide/carbide/nitride group ceramics are mived with 
ceramic fiber and reinforced, thereby substantially improving ther: 
fracture-resistant toughness. low-priced ceramic composite 
materials consist of carbon fiber and uninflammable matrix (glass, 
cement, etc.). The non-combustible, light weight, nigh-elasticity, 
and highly durable materials are used in the construction of super 
high-rise buildings, in deep underground construction, and in 


overpass canstruction materials. 


—— 


2. Long-Range Prediction for Practical Utilization 


If the practical utilization stage were to he assigned 2 numer) 
value of 100, then, the value of relative progress thus far made 
to bring the advanced ceramic composite materials R&D toe Its 
current point would be set at about 190, which means trat its 
industrial implementation would be realized sometime in the 83" 
2050. 

Comparison of various countries’ current R&l efforts in this field 
indicates that the United States ard Europe, which wasted no time 
iN embarking on research aimed at turbine energy savings, are anead 


of Japan. 











S the key technologies requiring breakthroughs, we sugg 
omposite processing technology designed to improve tne toughn 
of ceramic composite materials, themselves; mass product 
echnology for large structural units; and development of low-co 
dvanced reinforced fibers. 


As for barriers impeding practical utilization of the new advanced 
material, social restrictions would be the Building Standard Laws, 
the Fire Law, and other regulations controlling the use of new 
materials, as well as the inadequate educational programs being 
offered by schools. Economic barriers would have a relatively 
limited bearing and the insignificant scale of the market at this 
point (the jet engine market is very limited in Japan), which, in 
turn, limits the opportunity for product validity testing designed 
to improve product reliability. In addition, lagging efforts in 
establishing a well-coordinated setup for R&D and their practical 
implementation may be suggested. 


In order to resolve these problems effectively, i1t will be 
necessary to establish a well-coordinated R&D setup integrating 
public, academic, and private sectors and to have such an 
organizatianal setup merge with MITI’s Next Generation 
Environmental Resistant Material Development Program currently in 
progress. This will widen the scone of the target field. 
Additionally, development and application of new materials can be 
advanced at a greater speed by enlarging the Franco-Japanese 
Friendship Monument Program and by establishing a Super High-Rise 
Building Construction Research Association and Promotion of 
Underground Utilization Research Association under the leadership 
of the Ministry of Construction. 


3. Impact on Industrial Economy 


The present scale of the advanced ceramics market centering around 
electronics worldwide reportedly 1s approximately 1.32 trillion yen. 
Tne field of ceramic engines, around which an advanced ceramic- 
group composite material market wil] be built, 1s expected to grow 
rapidly in the United States and, to a lesser extent, In other 
countries. Reportedly, the scale of its market 1s expected to 
reach the 100 billion-yen level by the year 2010. 


Positive  mmpacts created by the advanced ceramic composite 
materials on the industrial economy, generating a great dea! of 
expectation, are the revitalization of arrcraft Industries, 
construction business, and the machinery industries. As for 
possible competition with metal industries, since application 
fields of these two types of materials differ, it is thought that 
each will find its own niche. 


1 


NO 


V1 








Advanced C/C Composite 






Outline of Technelogy and Products 










Use of a 100-percent C/C camposite in structural component 
materials used in the equipment of the kinds subjected to extremely 
nigh temperatures, namely, those used in space craft, supersonic 
planes, missile rockets, and nuclear fusion reactors, 1S making 
neadway. The C/C composite’s anti-oxvidation properties are further 
Improved through surface plasma processing, so that 1t can be used 
under extremely high temperature of around 1700°¢, 











Long-Range Prediction for Practical Utilization 









If the practical utilization stage were to be assigned a numeric 
value of 100, then, the numeric value of relative progress thus 
far made to bring the advanced ceramic composite material R&D to 
the current juncture would be placed at about 19, which means that 
its practical ut1i]1zZation would be realized at sometime in the year 
2050. 


























Comparison of various countries’ current R&D efforts In this field 
appears to indicate that the United States and France are the 
countries In which, stimulated by robust demand for advanced 
aircraft and missile rackets, R&D has been progressing most 
vigorously, to the extent that the material, In part, 1S now being 
used 1n aircraft brakes. 


With respect to key technologies requiring breakthroughs, t 
technology designed to improve toughness of materials themselve 
composite processing technology, mass-production technology, a 
Surface- processing technology designed to improve heat-resista 
properties, may be mentioned. 


As for barriers deterring practical utilization of the new advanced 


material, social restrictions would be ae factor. Economic 
constraints would be the reason for Japan’s weak aerospace and 
defense industries. Since demand, per se, 1S small, manufacturers 


hardly have any opportunity to conduct the kind of validation tests 
necessary to improve product reliability; and the private sector’s 


1 


lagging R&D efforts simply invite increases 1m material costs. 


In order to resolve these problems, it will be helpful to expand 
the scope of MITI’s goals for the Next Generation’s Heat-Resistant 
Material Development Program, currently in progress, through a 
well-coordinated undertaking of the next generation’s aerospace- 
related technology development under government guidance and by 
getting together with the Unitea States and Europe in conducting 
joint research. 





Impact on Industrial Economy 


In quantitative terms, a segment of the general industries 
the advanced C/C composite can contribute will not be 
(the market scale wil] be around 10 billian 
However, its impact on the development of s 
craft and on nuclear fusion reactors will he substantial. 
Industries which will] be positively impacted and revitalized will 
be chemical industries, aerospace industries, and satellite rocket 
manufacturers, while negative impacts on | industries wil) be 
practically nil. 


From the viewpoint of technological assessm altnough they may 
appear smal! in terms of quantity, 1% wil! > necessary to give 
careful cansideration to the problems o : -ling and waste 
management. 


Cancer Treatment (Prevention) Drugs 


Outline of Technology and Products 


Var1vous types drugs are being developed as ant ancer or 
cancer-control agents. However, with advancement of basic 
research ain (1) cancer suppression genes and preventian of 
carcinogenesis, (2) cellular information transmission mechanisms 
and carcinogenesis mechanisms, (3) immune surveil! lance mechanisms 
and carcinogenesis, and (4) transfer mechanisms, R&D projects 
dealing with cancer treatment drugs based on new effect mechanisms 
nave begun to make neadway. linfortumately, however, the chances 
of developing any ‘all-cure” drugs which will work on all types of 
cancers, especially the terminal-stage cancer, are extremely slim. 
Consequently, research efforts probably will be devoted to each 
specific type of cancer, so that treatment drugs wil 2 made more 
effective, one by ane. Cancer-treatment drua phy ye be 
developed in the future clearly will have recogni 74b 2 pets an 
prolonging life and, at the same time, in improving 2» Quality of 
remaining life for patients. 


2. Long-Range Prediction for Practica! 


Development of cancer-treatment drugs based on the concept of 
aA medicine which exhibits the distinct etfttect oO] Ngrng a 
patient’s life while, at the same time, improving the quality of 
that life, makes many approaches to the disease possible as basic 
research into causes and symptoms of cancer nprogresse: Although 
cancer-treatment medic ine based on a new mechanrer > pursued as 
SOON as discovered 1t worll be around the vear hefore we 


snou'ld he able ( Ee any spectacular results 


Key technol gies requiring breakthroughs Wi e fiirther 


je ‘eo lopments ): rescearr r) mn cer qene rie ? Y enress On 











genes, intra-cellular information transmission mect anisms, transfer 


devices, and clarification of immune survel! lance mecnanisms. At 
the same time, a breakthrough wi!) be needed in the development of 
anti-cancer/cancer-contro!l assessment systems which wl] wark 


effectively. 

Factors obstructing timely marketing of drugs are the huge amount 
of time and the R&D costs Involved in securing a license nermitting 
manufacturers to produce drugs for medical use in accordance with 
the pharmaceutical laws. From the standpoint of assessing 
effectiveness and safety of drugs, we realize the necessity of 
development test currently in effect. However, what we need above 
all 1S a more effective setup which will make much-needed drugs 
avallable as soon as possible by shortening the processing period 
and by priority ranking of drugs slated for examination. 


4 
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Economic restrictions include the drug-pricing system based on the 
health insurance system. In Japan, a country which offers a 
universal insurance system, unless drugs are part of that health 
Insurance system and appear on its drug-price list, they will not 
have a chance of succeeding commercially. Consequently, their 
economic values will differ greatly denending on how well they are 
priced. Moreover, 1m most cases, prices are changed ance every two 
to three years, downward, by from 10 to 15 percent, making recovery 
of the huge amounts spent in R&D increasingly more diffocult. This 
year (1990), the cancer drug market already has exceeded the 300 
billion-yen mark; however, as long as cancer-treatment drugs remain 
supplementary to surgery and radiation treatment, any substantia! 
market expansion cannot be expected, due to the measures which are 
effected in order to curb overall! medical costs. This means that 
there 1s a distinct possibility that the market, for the most part, 
will consist of just two activities, v1z., price reduction of 
existing drugs and replacement of existing drugs by new drugs. It 
1S predicted, therefore, that the market at its practical 
utilization period is likely to expand only 690 percent. 


7. Impacts on Industrial Economy 


Although direct impacts created by the development of cancer- 
treatment drugs on the economic world wil! not be substantial, 
still, improved quality of life in an aging society and preventing 
loss of the working population through realization of pleasant 
working conditions will indirectly affect the industrial economy. 


Viral Disease Treatment (Preveniion) Orugs 


1. Outline of Technology ara Products 


such as 


Although viral-disease treatment and prevention drugs 
-B vaccine, 


interfercn, influenza virus vaccine, and hepatitis 
already have been developed, a genuinely effective drug or vaccine 








for retrovirus, represented by AIDS, has yet to be developed. 
Utrilizing our knowledge of virus infection and multiplication 
mechanisms, medical researchers currently are pursuing R&D of anti- 


virus drugs and vaccines. One by one, a vaccination will be 
developed for each particular virus and made available for the 
general public. Each time a new type of virus appears on the 


horizon or disease-causing virus 1s discovered, research wil! be 
undertaken and a vaccine drug developed. 


2. Long-Range Prediction for Practical Utilization 


Drugs for treatment or prevention of viral diseases currently 
available consist of Synthetic drugs represented by ACT 


(azidothymidine), the BRM drug, represented by interferon; and 
vaccine agents. The most effective in treatment and prevention of 


viral diseases are the vaccines. As a4 result, focus in the 
development of virus treatment drugs, including artificial 
antigens, wil! be the development of vaccines. How to produce 


effective vaccines against viruses with weak antigenicity or with 
strong mutability 1s the foremost problem which must be dealt with. 
At the present time, no effective vaccine is available for 
retrovirus, which encompasses AIDS and hepatitis CC viruses 
currently receiving a great deal of attention. However, intense 
efforts are being mounted in basic research on retrovirus, which 
will make it possible to have, by the year 2020, treatment and 
prevention drugs for viruses currently creating numerous problems. 


Factors barring commercialization are the huge amount of time and R&D costs 
involved in securing a license permitting manufacturers to produce drugs for 
medical use in conformity to the pharmaceutical laws. From the standpoint 
of assessing effectiveness and safety of drugs, we fully realize the 
necessity for the development test currently in effect. However, what we 
need above all is a more effective setup which will make much needed drugs 
available as soon as possible by shortening the processing period and by 
priority ranking of drugs slated for examination. 


Economic restrictions include the pricing of drugs established by 
the health insurance system. In Japan, a country which offers a 
universal insurance system, unless drugs are part of that health 
insurance system and listed on its drug-price list, they will not 


have a chance of succeeding commercially. Consequently, their 
economic values differ greatly depending on how well they have heen 
priced. Moreover, in most cases, prices are changed ance every two 
to three years downward, by from 10 to 15 percent, making recovery 


of the huge investment made in R&D increasingly more difficult. 


Moreover, even if virus vaccines are developed, in most cases, the 
vaccination shots will provide life-time immunity. Consequently, 
even if there is a huge demand, it will he a one-time occurrence, 


Shattering any nope of establishing a long-term market of any 


substantial scale. 








The present virus vaccine market 16 valued at 39 Dillion yen, and 
even that of the total virus treatment drug market amounts to no 


more than 50 billion yen. In the practical utilization stage, the 
total virus-treatment and prevention drug market will reach the 500 
billion-yen level. Depending on trends, the market scale wil] 


differ greatly. 


3. Impacts on Industrial Economy 


Although direct impacts created by the development of cancer- 
treatment drugs on the economic world will not be substantial, 
since the diseases triggered by viruses reportedly wil! be more in 
number than expected, 1f these viral diseases can be completely 
prevented or effectively treated, their impact on social life will 


he tremendous. 


Senile Dementia Treatment/sPrevention Drugs 


1. Outline of Technology and Products 


Although no drugs for the treatment or prevention of senile 
dementia, as such, are available at present, drugs for  Impraving 
brain circulation do exist, and are enjoying a 690 bil liean-yen 
market. When tne brain suffers from localized tissue anemia, these 
drugs activate the neurocirculatioan, and, therefore, work 
effectively an the brain’s ischemic dementia. However, they are 
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currently receiving a great deal of attent 
Disease. 


useless for treatment/prevention of another type of senile dementia 
) 


Since basic research in the Alzheimer-type (combination ¢t 
senile dementia 1S being vigorously carried out, dru 
: Pay 


treatment and prevention of Alzheimer’s Disease wi!) he gd 
Nn Gue time. 


Long-Range Prediction for Practical Utilization 


' 


uses of Alzheimer’s Disease currently are unknown, much 
9 discovering possible causes. 


evel of development at which 


will be some time before current research findings can be put 
any actual use in the production of drugs for treatment and 
prevention of the disease. At this point, 1t would be diff ul 


fo predict when that might come, but practical utilization of vrsy 
ly effective drug for treatment will not he realized pertray 


Key technologies requiring breakthroughs wil] th yt f 
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as well as an the cerebral nervous system and memory mechanisms, 
and also essential will pe a construction of experimental! mode! 
animals 

Factors opstructing the timely marketing of drugs are the huge 
amount of time and R&D expenditures which must he spent In securing 
a license permitting manufacturers to produce drugs for medica’ 
use mn accordance with the pharmaceutical law. From the 
Standpoint of assessing effectiveness and safety of drugs, we 
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realize the necessity for development test currently in effect. 

However, what we need above all wil! be an improved setup which 

wt!) make much needed drugs available as soon as possible by 

snortening the processing period and Dy priority ranking of drugs 
1 
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ated for examinatian. 


Economic restrictions include drug pricing system established by 
tne health insurance system In Japan, a country which offers a 
universal insurance system, unless drugs are part of that health 
insurance system and listed on its drug price list, they will nave 
ittle chance of succeeding commercial'ty Consequently, their 
conomic values differ greatly depending on now wel! they nave been 
priced Moreover, In most cases, prices are changed once every twe 
to three years downward, by from 10 to 15 percent, making recovery 

of a huge investment made in R&D Increasingly more difficult. 
4s population Ows Older, the probable number of patients 1s 
r mh will create at least the 250 


hing 2 million, whic 
t 


2 Impacts on Industrial Economy 

vy ~ ~ ~ ~ . ~+ = + , 
Impacts generated by the development of drugs on the quality 
enrichment, and comfort of life for the aned nopulatron are 
extremely large. Tney are beneficial not on) for the aged 
tnemselves but also for their families, psychologically and 
physically. Freed from the care of the aged, OuNg people can 
return to work of their own, thereby rece) NI economic henefrts 
as wel! 

Entertainment and other Industries nearedg to the aned populatior 
may be revitalized; however, the industry producing paper diapers 
and other items previously required by the aged population may be 


Impacted negatively. 
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(Auto) Immune Disease/Allergy Treatment Drug 


‘echnology and Products 


—! 


Currently (1990) a large number of immune-disease and allergy-treatment 
drugs, principally, antihistamines, anti-rheumatism, and steroid drugs are 
being sold. As the causes and mechanisms of diseases become identified 


> 


b I 
based on these findings, research in new types of anti-allergy drugs and 
autoimmune disease drugs are pursued, and new drugs are in the process of 
being developed, one after another. For the future, we can expect the 
rent of effective autoimmune disease drugs which will not be based 


on the necessity of treatment for disease. 


2. Lone-Range Prediction for Practical Utilization 


Allergy-type diseases, such as represented by those caused by pollen, have 
, 


been spreading widely, with the number of patients growing dramatically in 


recent years--so much so that it is now designated as modern illness. Many 
ot the hard-to-cure types are the (auto)immune diseases. In recent years, 
spectacular advances have been made in basic research dealing wit! 

wechanisms for triggering allergy disease/immune diseases and mediators, 
enabling researchers to develop new approaches for development and use of 
treatment drugs. More effective anti-allergy drugs based on new mechanisms 
will be put to practical use one after another by the year 2010. As tor the 


1utoimmune disease treatment drugs, their practical utilization is expected 

t irrive by the year 2030. Since the number of patients is expected to 

increase, the market scale will be expanded, and by the time they reach the 

ractical utilization Stage, the market scale is expected to have reache 

the 500 billion yen level. 

y technologies requiring breakthroughs would include development 
a 


f bas? research including explication of disease-triggering 


mechanisms and intra-cellular information transmissior mecnanism, 
as well) as of cellular immunology (Cel!-Cell interaction). 4)so 
required will be the establishment of an exnerriment assessment 
system, such as a mode! animal system in vitr 
Factors obstructing timely marketing of drugs are the huge amount 
— tome and R&D sts wmnyolved in secur ND a license nermitting 
manufacturers to produce drugs for medica! use in ntormity to the 
pnarmaceut 2 aws From the stanoy nt f assess tng 
efte ? ene anna at ery + ri qs, wr) ala rea 7e TnH2 ne esccift ) €or 
rhe V< = omer t rTeacTtc iprent ly it ef Fact HOwe var what we need 
ar = >} ’ re erte Tt ~ eru! wr rn Ww } mab oe miicor needed 
Jruos aya annie a : Nn as possible bh hortening the processing 
per ij and > priority ranking of drugs s lated for evaminatiroan 
m restrictiyans ie tude a qrug-pr IC mng Systen based n health 
irance systems, Ir Japan, a country which tters niversal 
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chance of succeeding commercially. Consequently, their economic values tend 
to differ greatly, depending on how well they have been priced. Moreover, 
in most cases, prices are changed once every two to three years, ranging 
from 10 to 15 percent downwards, making recovery of the huge amount spent in 
R&D increasingly more difficult. 


3. Impacts on Industrial Economy 


Although direct impacts created by the development of allergy/autoimmune 
disease treatment drugs on the economic field will not be substantial, we 
should point out that expectations are high regarding impacts created on 
social lite through the improved quality and comfort of life. 


Bone Marrow Bank 
l. Outline ot Technology and Products 


A bone marrow bank is an enterprise set up to collect, for a fee, myeloid 
cells trom those who registered at the bank under normal physical conditions. 
The myeloid cells are maintained at freezing temperatures; and, whenever need 
arises, the bank will fuse and propagate these cells for use. 


Technological teatures consist of a sate and relatively painless sterilized 
method of collecting myeloid stem cells, a technology designed to maintain 
these cells at treezing temperatures over a long period of time, myeloid 

stem cell propagation technology, a system which responds quickly whenever 


need arises, and networking. 
2. Lone-Ranve Prediction tor Practical Utilization 


Bone-marrow transplantation is an extremely effective method of 
treating leukemia. However, when the sit rion calls for use of 
1] discover that because of 


the problem f NHIstoe ompatibirlity, only nis parents or at least. 


the bone marrow ot others, 3 patient w 


avery limited range of people can be a donor. Since a natient’s 
bone marrow cel!s contain leukemia cells, naturally they cannot be 
transplanted exactly as they are. There 1s a strong possibility 
of bone merrow transplantation becoming an effective method of 
treating not on! leukemia but also cancers and some commune 
diseases as well. Tnis 3S an important technology offering wide 


areas of app! rc atyon. 


Consequently, tf ts extremely convenient if a healthy individual’ 
myeloid cells ay be collected and preserved so that they can be 
used whenever need ar yscec. The hone marrow hank 1S AQ Pus inecs 
which collects, preserves, and supplies myeloid cells. It appear 


that by the year POO, ft wil] Nave been he est at’) ished ac 1 
business serving the general public. 


Key technologies requiring break throughs wi 1} include those \¢ 


collecting mvyelord ells without mf licting 2 oreat dey) ¢ 








physical PaIn, a method tar the ster1|)1z7ed long-term preservatian 
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of tne bone marrow, and of a method of propagating myeloid stem 


cells. At present, myeloid cells are collected through surgical 
punctures inflicted on the breast bone or the intestinal bone. 
Since this method causes the individuals concerned so much pain on 
that the number of those willing to go through this procedure is 
very limited. Tt has been confirmed recently that caprllaries 
contain myeloid stem cells in a small quantity, which means that 
1f a Ppropagatren method is develaned, then the rest wil! be taken 
care of through the collection of blood. Use of the bone marrow 
bank by the general public, then, will become widespread In 


addition to these technologies, establishment of a computer system 


designed to manage deposited myeloid cells and a system of fast 
delivery to sites requiring bone marrow cells wi!! he necessary. 


“+ 


Altnough these tecnnical problems will obstruct practical 
implementation of the bone marrow bank, the oroblem of the aeneral) 


-_ 


public’s perception of this insurance-like setup of the pone marrow 


bank where myeloid cells are being deposited for future use, as 


well as of the system and policy aenerated by this setun, wi) 
constitute far greater constraints. 

Problems which wi!] be affected by economic restrictions will be 
Many. Among them, the question of pricing the length of 
preservation peri0od, me 


thods of -guaranteeing preservation, the 
question of whether an individual should pay tota t 

whether health insurance can be applied, which wil! determine the 
extent to which the bank will be utilized and th 

market to be established. At this point, it will] be 
predict what the market scale wil! be like when the pract): 
utilization stage is reached. 


3. Impacts on Industrial Economy 


, 


Impacts created Dy the bone marrow bank on the industrial economy 


will be seen in the freezIng equipment/container industries, the 
computer-related industries (networking), and 1n myeloid stem cell 
propagation factors, which will not necessarily be large. However 

in terms of the peace of mind and comfort which it will bring to 
an aging society, its impact on quality and revitalization of life 
1S Indeed great Moreover. if the bone marrow bank were to succeed 


as 3 husinescc. 1¢ al ight very we | ] open The WAY tor the 
establisnment of organ transplants Danks. 


Bi9oeneray 


1. Summary of Technol: Jy and Products 
As hyoener VY, we QA liready nave biomass alcono) and metnane 
fer mer? at ran, wh)? r t ern 2] ly 4 ] ’ eady nave rexwA hea tne cf age 


+ Or a t+ 4, a | Than .7atavess Tr) feed. they are being used, NOw at 





least IM Part, In practical situatians In economic terms, 
nowever, they are not necessarily paying off. Currently, research 
mn the production of hydrogen which generates the cleanest and the 
most thermo-efficient energy through biomass 1s being pursued. If 

»st, we can 


o> 
x Se 
Dawn 
Ss 
Y O 


gen can be mass-produced and ortered at low cx 
t a nuge market to spring up. 


2. Long-Range Prediction for Practical Utilization 


4s a result of today’s problems of dwindling earth resources, 
together with global environmental problems, energy, easrly is the 
higgest issue confronting mankind. If hydrogen can be produced in 
Massive quantities at low cost as bigenergy, its value to us will 
be immeasurable. At present, research in the productian of 
nydrogen,using etic bacteria chemical Synthetic 
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a 
bacteria, or bioreac 9 them is being pursued. 
How these nighly productive bacteria can be sc 

1S an important question which must e a - 
commercial availability of the broenergy is dif 


£ 
as it involves not antly technical nroblems but a 
r 


problems involving a competing Form af energy (np 7 VM 
guess 1s that 1t wi!) become app!licab!e in a practical way around 
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It will be difficult to predict the scale oF market for this 
product when commercial:Zation becomes feasib 


Technologies requiring breakthroughs, first of al!, would be those 
designed to find photosynthetic pacteria and chemical synthetic 
bacteria through screening. At the same time, it wi!! be necessary 
(1) to pursue basic research IN photosynthetic hacteria’s 
photosynthesis-related organelle and oxygen and (2) to obtain 
nydrogen high-productivity mutation stock from photosynthetic 
(chemical synthesis) bacteria. It wil! pe necessary, moreover, to 
examine, as peripheral technologies, photo-condensation and photo- 
Induction technologies, and artificial biomembrane technology 
Competition with existing forms of energy wil] deter 
commercialization of bioenergy. Ultymately, the economic factor 
(cost) wi!! decide the outcome. However, even 1f It can compete 
with existing forms of energy on equal terms or better, because of 
global eny rranmenta! yrar lems. sti] There 1S the nossiprlity that, 
for policy reasons, bioenergy may be selected. 

a Impacts on Industrial Economy 

If bioenergy can replace existing energy ee orn commercial 
markets, Its mmpact an the industrial economy will he huge. 


1call aritomoah1!)a aasconline enagainres wi)]!] he renlaced Hy nvaragen 
Typically, automod gasc PB engines » be replaced by hydroge 


enoinec and since electr) i+ a" ne supplied af very low cost, 
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rt ws most likely that machiner and home electronic industries 
wi!!] he revitalized. Moreover, since 1t 168 4 clean form 9f energy, 


1t will have cansiderable impacts on global! environmerts. 


Artificial Organs 


1. Outline of Technology and Products 

As artificial mnternal organs, wound-coating materials, large- 
Grameter artificial blood vessels, supplementary artificial hearts, 
artificial! pones, and the artificial dralyvsi1s equipment are put to 
practical use. Moreover, for tne future, it 1s expected that 
artificial skin, small-diameter blood esse'’s, the artificial 
neart, the artificial kidney, the artificial pancreas, the 
artificial liver, and the artificial tung will be developed and 


2. Long-range Prediction for Practica! Uti lizat 
At the present time, with the exception of the artificial bone, all 
commercialized artificial organs are either of supplementary or 
temporary types, with the market scale for the year 1999 at the 10 
billion yen level. It will be around the year 20390 when all 
artificial organs as substitutes for the main organs wi!!! have 
become available on tne market. Af that point, it 1s anticipated 
that the market for the total organs wi!! reach around the 400 
billion-yen level. Its breakdown 1s as follows: artificial 
nearts, 100 pbDillian yen; artificial kidnevs. RB billion yen 
artificial pancreas, §6 billion yen; artificial liver, 40 billion 
yen; artificial skin, 4 Dillion yen; artificial blood vessels, 40 
billion yen; and other organs, RY hi) lian er 
Technologies requiring breakthrougns wil!) be those involved in the 
development of materials with hiagn-leve! safety, biocompatibility, 
antithrombos is, and with high durability. secondly, 1f will be 
necessary to develop a compact-s1ze motor (driver system) with ltow- 
level heat generation, featuring energy-saving and excellent 
Gurability, and equipped with a computer antrol system) 
Factors which may deter commercialization will be the problem of 
licensing under the Pharmaceutical Laws. In developing a material 
with a high degree of biocompatibility and excellent durability, 
conducting safety tests are essential. Time and cost factors 
INVvVOlvVed InN such tests and RAE are costly. Moreover. 1f nigh 
polymer compounds are *t be used as materials, ar 7Ous problems 
associated with decomposition, as well as those * safety and 
alidation method must be dealt with 
Moreover, artificial organs wll be mpeting wrth organ 
transplants, and in addition to technical and cost problems, the 
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In econom terms, as in the case of drugs for medica! and home 
use, they wil! be affected by the health insurance systems and 
pricing systems, with their market scale and profitability greatly 
inf lyuenced b mr Ing 

3 Impacts r Industrial nomy 

Commercialization of artificial organs is expected to impact the 
material computer, and motor industries to a certain extent. 
However, the impact on a patient’s quality of life and his ability 
to return to work. ther ens, contr rhut Na To the solutian oF the 
labor shortage problem, wil! be far greater. 


Artificial Enzymes and Artificial Biomembranes 


1. Out ] me of Techn: Ve dy and Products 


Artificial enzymes and artificial biomembranes themselves can be 


commercialized not only as reagent and bDulk products but they can 
also can be used in diagnostic drug kits, various types of 
bioreactors, biosensors and in many other kinds of products. More 
Important from an industrial point of view, however, will be the 
use of artificial enzyme aS 6 a catalyst in the production of 
chemical compounds Of artifrcrial hiomembranes in the senaratian 
of membranes. and in ener Jy nroduction. 

2. Long-range Prediction for Practical Utrjizatrian 

Art) »al enzymes are pr: Juced in awide var ety Of + rms, ranging 
fram the natural enzyme whose cnaracteristics have heen changed by 
2a protein engineering metnod the artificral protein designed to 
erypress 3 ertain atalyti activity, the artificial RNA 
(artificial ribozyme designed for catalytic activity, the 
monoclonal antibody fabzyme) selected so as to have catalytic 
activity, ¢ ich low molecyule -« mpounds as cy: loderytrin and crown 
ether Research in these fields encompasses a wide range of 
activities, from basic work to commercialized application research. 
Re ayse of The intensit ywnich Naracter)7es enzyme a’ Livitiyes ang 
their ost factor thea m AjOr par tf of research Nas yet t ; reach tne 
practical app lication stage Types OF ar toaficial enzymes with 
well-defined uses wil! he Improved thr ug recearcr and by the 
year 207? _ 3 trair numper OF Tham wl] He D if To nr ac rica) Wise 

The artif) 1al hHhromembhrane ygicn Ome iF awide ar ety ranging 
From artifical pid membrane (ribosome), artificial ce! lular 
membranes made f artif 1a} lipid memhranes int which functranal 
oroteim 16 imbedded yt) nm memhrane t nigh pe lymer membranes, 
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mn the brIEMembranes also. var) widely, ranging from simple 
Structural support, separation, transport, stimulation reception, 
t . 


QO energy conversion. The biomembrane equipped with a simple 
Support function is alread in the practical application stage. 
At present, use of the ribosome membrane in the drug delivery 
System (ODS), nN bioreactors, mn pDuriwfication of membrane 
separators, and in biosensors, as well as in the fields of 
separation, transport, and stimulus reception, is about to enter 
tne practical application stage. Research 1n membranes equipped 
with photosynthesis membranes and other eneray canversion functions 
will flourish, and by the vear 2020, practical utilization on a 
partial! basis may be possible At this point, it is difficult to 
predict what the scale of the market wi!1]1 be at the point when the 
practical utilization is completely achieved 


In order to achieve technological breaktnroughs, basic research in 
enzyme enaineering dealing with enzyme’s higher-order structural 
analysis and activity-centered analysis, as well as a structural 
and functional analysis of biomembrane, must be undertaken. More 
specifically, with respect to artificial enzymes, the foremost 
challenge is that of being able to supply at low cast hiahly active 
artificial enzymes whose characteristics (substance specificity, 
Stability, the optimum pH zone, and catalytic activity in organic 
solvent) are superior to those of natural enzymes. As for the 
artificial biamembranes, the development of materials woth 
excellent stability and functionality, as well as of a technology 
designed to achieve efficient immobilization of functional 
molecules 1m memorane materials and integration technology will be 
required. 

The foremost barrier to practical utilization is related to 
technical probiems Otner opstacies lie in difficulties involved 
1n establishing a market scale proportionate to R&D spending level 
for each product, a problem which must be resolved if artificial 
enzymes and artificial biomempranes are to be marketed as products; 
on the other hand, if they are to be used as chemical reactian 
catalysts, it will be necessary to be able to sell them at low 
cost. Fither way, these are big economic constraints. 

3. Impact on the Industrial Economy 


Both the artificial enzymes and the artificial biomembranes have 
wide application areas. Since they require hiah-temperature and 
high-pressure equipment, there 1S aA passrbility that their 
commercializzation may completely change the face of the chemical 
industry, which, in fact, 1S an equipment industry. Moreover, they 
may make 1t possible to manufacture new and useful high-value-added 
chemicals previously considered imnossible to produce. Impacts 
created by the artificial enzyme and the hiomembrane, therefore, 
will be huge. If they are used in salving energy problems, their 
impact on the industrial economy wi!!! be immeasurable. Their 
contribution to global environmental problems also will be 


tremendous. 











Fuel Cells 
L. Outline of Technolovy and Products 


The fuel cells are the result of a technology designed to convert chemical 
energy, generated by natural gas, methanol, or coal fuels into electricity 
without going through the combustion process. Its high-energy-conversion- 
efficiency and low environmental-pollution factor are generating high 
expectations. A phosphoric acid type of fuel cell already has been 
developed; and R&D projects dealing with molten carbonate and solid- 
electrolyte type fuel cells are in progress. 


These new types of fuel cells are generating a great deal of expectation 

because they provide compact power sources which can be constructed in the 
centers ot cities; they are also attracting attention as a kind of technology 
which saves energy through the use of heat. 


2. Long-Range Prediction for Practical Utilization 


If the practical utilization stage were to be assigned a numeric value of 
100, then, the relative deyree of progress thus far made to bring R&D of 
phosphoric acid tuel cell to the current juncture would be assigned 50. 
This means that sometime around the year 2015, it will be in a position to 
compete with the peak electric source currently in use. 


Although the United States has been ahead in the development of the fuel 
cell's main body, Japan now is more energetically developing the fuel cells, 


and even may have overtaken the United States in this field. 


Technical themes are mostly focused on reducing costs, as evidenced in the 
development of low-cost catalysts and extending the life-spans of power 
reneration svstems. Moreover, high-performance molten carbonate and solid 
5 b t 
electrolyte cell 
them, development of heat resistant materials (for all types), element 

b t » 
technology concerned with CO? circulation (molten carbonate); and development 


} 


of stable thin-tilm electrolytes (solid electrolyte). 


s still have many elements requiring further research, among 


Although development of the phosphoric acid tuel cell already has been 
undertaken by the private sector, the biggest obstacle to its practical 
utilization would be the need for cost-cutting. As the success of fuel 
cells depends to a 100 percent on mass-production-based skills, it is 

extremely important that a considerable demand for the products exists. 


For this reason, the demand sector's decision-making will be the foremost 


factor in the promotion and sale of fuel cell. 
3. Impact on Industrial Economy 


The fuel cell, which is creating high expectations as the most promising 
distributed-type power source, will impact (1) the structure of the energy 
market, (2) the cost structure of electric utility industry whose operations 


have been based on a large-scale network-type supply system as its axis, and 


’ 


(3) heat and electricity supply systems in metropolitan areas. 











Photovoltaic Power Generation 
1. Outline of Technology and Products 


This is a system based on the solar cell, whose use in such specialized 
areas as electronic calculators, disaster prevention measures, and space 
development already have been put to practical use. An area requiring 
future efforts will be the development of applications to other fields. 
MITI's Sunshine Project, whose main goal is to reduce the cost of energy 
down to the 20-30 yen/KWH level, a level which enables solar energy to 
compete with existing electric energy, is working on the development of a 
mass-production technology in order to achieve the solar cell production 
cost level of 100-200 yen/W by the year 2000. 


2. Long-Range Prediction for Practical Utilization 


If a numeric value of 100 were to be assigned to the practical utilization 
Stage, then the relative value assigned to the present juncture of the R&D 
Stage would be one of 60, which means that its practical utilization will be 
achieved sometime in the vear 2010. 


Comparison of various countries’ R&D efforts at this point indicates that, if 
Japan's achievement were to earn 100 points, then the United States would 
score 80 points and Europe around 60 points. 


Key technologies which will require breakthroughs in achieving practical 
utilization will be those aimed at development of a new material with high- 
conversion efficiency and low-cost batteries/invertors, low-cost manufac- 
turing technology, and a degradation prevention technology. 

Non-technical constraints and problems in the area of social systems are 
those concerned with regulations imposed by the Electric Utility Business 
Law. Economic constraints include difficulties associated with securing 
adequate market scale and the reduction of costs, and the latter, especially, 
is extremely difficult. In order to realize its early commercialization, 
therefore, a favored state should be accorded the solar cell for the reason 
that it is a type of energy which does not emit CO). This measure is certain 
to promote development and widespread use of the solar cell. Moreover, a 
type of public relations work designed to make the general public understand 
the necessity for imposition of higher electric bills as a necessary cost of 
introduction of a solar power system. 


3. Impacts on Industrial Economy 


It is difficult to estimate the scale of the solar power system market at 
this time. According to some reports, it will reach the 200 billion-500 
billion yen level. R&D funding at this point is approximately 15 billion 
yen; by the year 2000, it is estimated that it will reach the 200 billion 
yen level. 
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Positive impacts which the so 


economy will be in the revitaliz 


create on the industrial 


will 
f t industries 


n ot the electric equipment 


(cell, invertor, battery) and the nonferrous metal industry (silicon 
processing). 

Negative impacts will be created in the existing petroleum and coal thermal 
power plant manufacturing industry, which will begin to decline. 

Small Light Water Reactor Tec with Built-in Safety 

1. Outline of Technology and Products 

This 18 a small light water reactor, equipped with bu1lt-in safety 
and designed to reduce ts as a result af expert skills made 
possible through unit 9nNeratian and standardization rather than 
economies acnireved throaugn large-scale plant operation. It 
maintains simplicity and stat safety by ut11121Ng such laws of 
natura! physics as jravit and natural convection/pressure 
accumulation. 

Nuclear power generation technology in the United States no longer 
1S economically lable when the uncertainty factor created by 
changes 1n demand and amount f nNstructyon time necessary are 
considered Development of small reactors for use In developing 
nations appear promising For this reason, tne United States 1s 
Pursuing research aimed at reducing unit construction cost and 
construction time, and fa hitating operational maintenance. Tt 
1S Planning to obtain a design certificate for a small exper mental 
reactor to be developed ¢t the Electr Power Research Institute 
sometime between 1995 and 199% 

? Long-Rage Prediction tar Pract a) Utrilrrzation 

At this point, the United States 1s most definitely ahead of the 
rest of the world mn ry rie'aq In Janan, because of the 
ompetitiaon represented Dy the impr ed standardization of a large 
light water reactor 3 W © as «Dy »ther developments, including 
FBR (fast breeder) and use Fo plutonium, the light water reactor 
technology Nas not heer rece na mvyernment attention. 
Manufacturers have just begun to prepare for its conceptual! design. 
I f a numer} alue f 1 were tc he assigned t the 
commercializatian rage tner relative value ass7aned ro the 
Current status of researc "" 1d he 1 HOWe Ver nee researcr 
acquires an offje1a tat ' jfeavelonment wi!) take a relatovely 
snor ter ig Ime Ir) moar ’ witr rt ry c 2 ,¢ tTner t ypnes ¢t rea t rc 
since a great dea fF eawnervence »)ready nas heen accumulated n 
tne + 1eld af tne Ti ? we ar oer rea . r 

Techno OQ CA! ] Y , tne t A ~ ’ afeat y 4 seccmeant \¢ ¢ at 
System aimed at ren mp] t mnd on QA design technology wt p 
achieves be NAaAMY ré t t + cary my t 4f ry ang aft ot 








The biggest obstacle to practical utirlizatian rt the lignt water 
. . : { mn) ry) 1] \e- - 
reactor, from the social standpoint, wi be the building 
restrictians Imposed An nuclear reactor sites stemmina from concern 
for safety, and the small] size of a reactor, alone, wil! not solve 
this problem. There 3S an aninian to the effect that The small 
type makes it all the more necessary to look for a site, wnich in 
return makes PR even more difficult,” Indicating that those 
involved In _ Intradguctian af the liant-water reactor are not 


epared to be aggressive in pursuing this problem. 


~- 


Moreover, from the standpoint of R&D, because of the monopoly 
n t ] 


presently existing In the development of nuclear power tecnnolaogy 
in terms of both sellers and buyers, the market structure 1s quite 
Simple. Consequently, unless 1t is certified by government or by 
the utility industry 1t will not be likely that any high-risk 
development will] be undertaken. For this reason, the position taken 
by government policy wil! be an important factor. Moreover, it 


will be necessary to deal with the system which regulates site 


~~ ~ 


selection and safety factors in order for the smal! reactor to have 


~ 


any chance of commercial success. 
3. Impacts on Industrial Economy 


The small light water reactor 1s a replacement for a large-sized 
one In the process of development, however, they have similar 
and transport machineries forming the nucleus, and it 7s 
inconceivable, therefore, that related parts and construction and 
maintenance inspection sectors in both sizes of reactors wl! 
differ significantly. However, with small light water reactor, 
most manufacturing processes wil] be performed at plants and its 
system simplification will] reduce the level of demand for system- 


related service. 


Moreover, if the smal’? light water reactor were to he installed as 
a distributed-type electric source or were to comrete with thermal 
and other types of electric sources, then rt would greatly impact 
system operation of the electric utility industry. 

Nuclear Fi:s1an Reactor 

1. Outline of Technology and Products 

This iS a type of equipment which gererates electricity using 
energy generated Dy nuclear fusion of deuterium or tritium. 
Nuclear fus1on reaction consists of (1) the D-D reactiEen which 
fuses deuteriums and (2?) the n-7 reaction in which deuterium and 
tritium are fused. When technically more difficult D-D reaction 


t uses 


nuclear fusion reactar 1S Dut to nractical use since 7 
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reactor ertrect 


to practical use, this atomic 


of increasing 


uranium resources by several tens o! times over. 
2. Long-Range Prediction for Practical Utilization 
If the practical utilization stage were to be assigned a numeric value of 


100, then the current juncture at the relative Sta 


the level of 60, which means that the industry w 


utilization sometime in the year 2050. More specifically, 
experimental reactor, the "Joyo" (thermal power output 


in operation without a hitch since 19/7/, and a prototype 


"Monju" (electric power 28\ kW), is under 


output » VUU Ss 
completion scheduled for 1992. The development of a 
following this is in a planning stage, with the second 


set up as the starting date. By constructing and 


reactors designed for initial commercialization, the in 


reactor, 


: 1¢ - 
Nail or 


ge would be assigned 


l achieve practical 


in Japan, an 


100,000 kW) has been 


the 


construction with 
demonstration reactor 


1990's 


the 


operating multiple 
lustry will attempt 


to realize full-fledged practical utilization at sometime between the years 
2020 and 2030. 
Comparison of various countries’ RAD ef Forts In the Field indicates 
that if Japan were to he en 1 poOmmts for its achrevements in 
the freld, then the United States, al would merit the level of 
100 and Europe that fF 1390. In France 2 validation reactor 
electric output 1 mir llion kW Superphen) » nas heen operating 
Since 193976 and currently France erman nd Great RBrotain re 
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reactor 
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suttering from stagnation in recent vears, stabilization ot the energy 


upply in Japan, and control ot the CO? exhaust. The | il-tuel power 
feneration-related industry will be adversely attected and yvradually will 
lecline. 
Hivh Etticiency Heat Pump 
; lutline ot Technoloyvy and Products 
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Outline of Technology and Products 


Roapots currently used in practical situations and not limited to 
industrial usage, require detailed programming of their actions by 
programmers, tnus producing the wranic situatian in which a Jreat 
deal of human labor 1s involved so that labor savina device can he 
installed This fact is preventing more widespread use of robots 
especially in smal!l- and medium-sized businesses. 
Tn rder to solve this nrablem. rahots which can perform work 
without detarled instructions to guide them must be developed As 
1ong as an outline of the work to be accomplisned is aiven, such 
a type of robot can perform the level of work equivalent to that 
- y ~ » | ~~ | _ 7y _o . ~ lo | 
performed by skilled human workers. This type of robot 1s called 
an intelligent robot 


The intelligent robot which will be seen first at production sites probably 


vt 77 } 7 —_ . en Se een ‘ anon re , ; ; , ys, ,, 
will be an all-purpose assembly robot. A custodian robot and a hard, dirty, 
and dangerous workplace robot, such as a garbage processing robot, mav De 


2 ona-Rangqe Prediction for Practical Utilizatian 
~~ _— ~ w/ w — — ~ ~- —_ ~ ~ ~ - ~ ~~ —— ~ al 
As stated previously, programming problems are not necessarily 
limited to the freld of robots. They are problems common to al! 
Neumann-type mouters currently in use As a key to the solutian 
of this kind of problem, research 1n artificial intelligence Al) 
r = , carrier was an ~¥ tT) t ( 
fas been carried ut yr metime now. However, we nave not gone 
beyond tne reairzation aor more tnan 1MISt A SQaQamMment 9f expert 
4 = = = - = ” —-~— J — ~ ~ = ~ - 
systems. Moreover, although fuzzy lagic and neurocomputing are 
included in this neither has the capability of solving this 
nraplem in its totalit 
Since this 16s a problem which st ld he resolved by going hack ¢ 
~ ~ = - - —_ — = —_——_ ~ J - J ~ ~ 
rhe yac ~ OT rne ryvr SOr aAammanNoa| mMme>&krhn vy haay iT 1S inl rkea) V rnat we 
-ne das S sia- = Vy, : S t ae at e 
will be able to achieve aq solution 
In that sense, therefore, this may be the problem on which al! the 
Nndustrival countries should work together 
IST 2 DUNE esc al .age - 
Tt the numer alue of 1N0O were to be assigned ta the practical 
mpi'ementation oF Enis tecnn YAY tnen tne current stage reacned 
Nn R&D would be assiqned the level of 10, which means that 1f would 
Ho mn tne year »OR AMer) pr 3 Tt 2 ) Lyf an 17Zatian \F tTnis re nnn ODY 
can be realized 
Samparisan f advanced industrial natior cs’ R&D efforts art Ct YY ; 





overwhelming strengtn in this treld im tne past, mow nas heen 
overtaken by Japan, and Europe lagging benind both the United 
States and Japan 

Both social and economic constraints are few and far between Tt 
1$ the technological constraints which are deterring pract cal 
Implementation 4s stated before, the problem 1s sti!! a very 
basic ane. PResearcners must return to the basics of programming 
theory and restudy it Nevelopment of autonomous control, learning 
contral. ana of the three-dimencsiana 1Soyal censor wil! he 
requiced. 

3 Impacts on Inadustrial Economy 

Impacts created by this technology will be tremendous from the 
standpoint of its ability to solve most of the current labor- 
shortage problems Most of these wi]! be positive impacts 
Negative impacts have to do with the enormous amount of time 
required in ascertaining to what extent robots, equipped with tne 
ability to make decisions on their own, can act safely im time of 
emergency. 

Micromachine 

l. Outline of Technology and Products 

Recently use of the IC fabrication process in the field of machining 
mechanical parts was suggested, and an experiment in this connection has 
begun. Micromachine combines both of these two categories of processing. At 


present, interest is focused on its uses in the medical field. In time, 
application of similar machines on manufacturing floors will be realized. 
If this should occur, we may very well see (1) an automatic machine, no 
bigger than from 2 or 3 centimeters to around 10 cm, designed to perform 
spot-checking and repair, (2) a micromachine tool designed to perform 
machining of miniaturized parts, (3) a micro-manipulator, and (4) a small 
machine manufacturing system composed of a carrier and inspection devices 
of about the same size. 


2. Long-Range Prediction for Practical Utilization 


The micromachine presently 
researchers have succeeded 
question of how this power 
durability, have yet to be 
Moreover, if materials 
micromachine tool, 


methods of assembly, measurement, and inspection of 
will have to be resolved. 


other than silicon are 
the questions of 


being made public is in the development stage, and 
in fabricating a static motor on a silicon. The 
can be extracted, or the problem of frictions and 
resolved. 


to be 


W i th 


used, in the case of a 
a cutting tool or the 
these miniature parts 


what to do 








However, since this ts a field thus far left untouched Dy any other 
type af development, at one pornt im time, a sudden burst of 
development may take place We have heard that its development 
will be incorporated into MITI’s Large-Scale Project next time. 
This may very well serve as a triggering mechanism for the filed’s 
development 

Since the initial idea came from the United States, U.S. research 
in this field is the most advanced. Japan’s research activity has 
been picking up nn recent years. Furope 31s lagging behind the 
United States and Japan. 

If the practical implementation stage were to he assigned a numeric 


alue of 100, then the present juncture ir terms of progress made 
in R&D would be assiqaned less than 19, which means that it ould 


Neither social canstraints nor economic constraints are evidenced 
3. Impact on Industrial Economy 
We cannot imagine that, with a single swoop, the micromachine wil! 
reate a big Impact on the industrial economy. Its impacts wil! 
be gradual and cummulative, instead. 
~ 

There wil! be no negative impact because of the complete novelty 
ahi tne micromachine. There 1¢ NOtTNING © x isting either NOW ,r mn 


the past which can be replaced by this technology. 


» ——— 


‘ Outline of Tec nnology and Products 


when a finished shape of a part and its precisian lieve 


1 
the machining process wil! be automatically generated by pre-input 


c , 
specifications of a plart’s machining and finishing tools. After 
machining has been completed the shape w!! he automatically 
e 3 AS ee . 2ted, -NMe snape DE -  - \ 
measured and the finishing process automatically performed, and the 
specified precision rate will be output 
Long-Range Predictian for Practical Utr lization 
L 3 2 = = tic : zat 
If the practical utilization stage were to be assigned a numeric 
a) }2 \¢t 1'OO and the present efane ne t >) rnen the nractiec a | 
: 2 ' and tne prese stage eu," ~ Pe pre 
Ise + A I ; NC WoO) ] y he r ea ] 7anN aft < Ome ft Me r) tyr — ye ar : ? ) q 
It wil] be necessary to increase the Speeds ar Mm ranor essors ana 
ecessar) PASE s INC 
memory devices in data processing Dy 10 times Moreover >3INnce 
4 - a = - ~ 
the size of software will nave He YIN enoarn : t wil] ne 


r) 62 eOSaAar y tno ine rease software 7 = | man? orry rr) : r 7 | rT IM. 








and af the Same fime ta estahnlict a method OF cortware 

Jeveionpment which w) 1} not require maintenance. 

In adiditian An-mMmachine measurement gererat mon of tnree- 

gqgimensiaona moagels, recogn? rayon oF work forms , and automatic 

generation Fmachinina and measurement processes wil] be required. 
ar J Pasurement ~cesses 

4t present, Japan technologically 1) the most advanced in this 

field, followed by Europe. The United States 1s lagging behind the 

two. 

3. Impact on Industrial Economy 

CNC machine t } will winereasing y become widespread, and, with if, 

a4 decrease in the use f gqeneral-purpose machine tools wil! set rn 


At the same time since CNC functions will include a small-scale 
CAD system, the AI-CNC wil} ompete with low-priced CAD systems for 
Combined Machining Center 

Outline of Tey nnology aQangd Produ: ts 


Using data input on tie finished shape of a product, the combined 


r 


machining center will automatically perform a several kinds of 

work. ranging from material processing to assembly; mors 

Sper ft is 2] ? yo i? ft ng ft mater 1als mar nining assembly, ~ement moa 
/ ~ , ’ —_— ss ” = =  ? 


and welding 


) Ona-R ange Pradiction if Practical Implementation 

I f the nractica' implementation st age of the above were to he 
assIianedqd a numer jalue of 100. the present juncture mn RZD would 
be assigned a level ©, which means that practical implementation 
of the mpinedq machine } center wi 1) be sometime realized around 
The ear i) { 

Required technol: gies wt 1] include those designed to determine (1) 
the Shape ‘Ff a part from a product form, (2) material form from the 
fin) =ned nape + 4 par ¢ { “2 ) The mar hiniwng pr ocess, (4) ma , NING 
—and cutting tools to he ised, _t well as automatic procedures to 
He ry). wed hy machine too)lc« and mopensat ION processina t ¢ He 


ner formed 


At pre ent war rhyt | yHead ¢ the nitand state ang 
P re rT.“ 
bor Tne Fiftiire hye mhynat ran ¢ lathe machining enter ana 
: - 9% - - 
} ? ) ] ] ] - + ; } . r « } | ] br 
nd nyinag ‘ wr: ’ 12/2 rymear 2 semn ly ’ r Ct Ww ~ 





lai LCONOMY 


mh 1x, To ~ me Ass aes e«sd.0 1 : . ee 

ind assembly costs will come Gown, total demand will increase, 
. ‘ e | ] mann 5 ~ ae a marks - le . a a % kee 
ynicn, the demand tor NC macnine tools as a unlt of this 


? 


Ling center will increase. However, demand for single-function 


riliai robots may aqaecrease. 


" ¢ 1 mranijcte 
r nec ducts, anal 
wm <4 ’ > y moor ~a+ ~r mroac 


nn in ne acnieved with ease 


‘ rTnen tne present luncture in R£RD would be assianed 

2 present J e eL U'd oe assi1gnec 

f 1 which means that the practical utilization of the 
’ = ’ Mai nIaeneR tc 7 ~ WOK! a) He achieved ar UNA the 

A 1 es: tne United States and Europe are a few steps ahead of 

apa eid 

necessary : estanlisnh ai super-ultra-precision 

aa 1 ang te accumulate ernerience in tne ijlitra- 

machinina so that analysis af the causes f earroars an 

{ automatically and at the same time AUtTOmMatic 

¢ f machining conditions and compensation to achieve 
Wn | ned In arder to acnieve tnese technnolaqy to 
18 i C a eve tnese, tS 29y tc 

; na f an oahiect with hian nrecirsi94an ultra- 

} a | 
. rament te a rror : sis tecnnologqy 
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fJ3ctrial F onomy 

: : stly orndgucts laser equioment) hecause — the 
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ren reament ad) rome down There wl he no 
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If the practical utilization stage were to be assigned the numeric 
value af 100 the present juncture in R&D would he assigned 3 level 
? baad - — ~ = —~ ” ee} = = at — — ws - = s = ~_ 

Of 190, which means that practical utilization af the intelligent 
CAD would be around the year 2020. 
At present, apan ws sl ight ly ahead of the United States and Europe 
in this foreld. 
A ] tfnoaudan if CS t>1)] LIne lear t what exytent numan creativity CAN 
be given to computers, nevertneless, by devel op ING new tec hnology 
there chnould he roam tar rmoroawiana Omonuter creativity 

= | 3 OUTE reat : 


At present, the essential part of design work 1s heing left to 
r) 


uUman reat ) 1¢ y ana MOct relat ? (a) 7 Cc imple cut and ary WOrk WwW } ] 
alin J? a - - a . -» . ~ al - / 
he delenated tn omputers Rv increasing desian efficiency tne 
~ vy — - - : - — ~ ~~ J ~ ~ ~ Jj) ween 
computer aradually will be able to take an more work. We An not 
hbelieve. NOwever. that the nar t Carriena yt ny numans will he 
redquced to the ct ane f 7ern Tt wil] he yesiqan speed ANG ACCYUrAcy 
~ = =. Je ZE ». it 8 = 8 speed a acCur ac) 
nN which we wi!l see dramatic Improvement 
Regardless Fhe work which designers are performing cansciously and 
# ; ; bi. yri¢c : = J ya 
ibcansc ious !\ mus be analyzed in deta] and described 
op wective v MorendvVer if wil] ne nmececcary T make a : lear 
J€ : = : De 2s Ur | : = 
St ArTement Or wnat NUMAN cre 31 rv_wTy ne rot a) ) ahnoaurt 
Moar ec oY tne my Oolems t qeometri interence inte 1] 1ger + ijser 
rnterfareasc 3 >V11a modeler and Ncent design mist he resolved 
Ce | . Je 'e : 3 f : ) f ec Yeqd. 
Impae t on Indust ’ ral r “One My 
Impacts created by the shortened cycle of new product develapment 
CAN 2p > 1 r to ) oy NeQqQatTt ive 7 VAC = 
an pe treated as either nosit be ’ ega /e@ Impact 
HOWe Ver hortening of development cycle itself 1S A QaNOA thing 
2 2 , J } : : 5< = = . : 
and whnetner this merit can he joad ti advantaqe r to ahandon it 
A problem of the ¢ tal system and not one to be settled by 
technicians. In that sen To 1+ miaqnt he viewed as Qa kind OF SOC } qa) 
r) Traint 
? 
Product Model 
l. U itli t 1h) | ) na Y u ts 
Information required mn manufactur ING A product iS gener ated Dy 
c ame | at ran + ite mantut 4° fijr na pr oe ess. Lis ING 3 qr) WW nrag ict 
Made } r) trij ted rnc ude a ce moiuter 
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) . Long-Range Predictian for Practica! Utilization 

If the practical utilization stage were to be assigned a numeric 
value of 100, the present technological stage would be assigned a 
level 30, which means that practical utilization of the product 
mode! would be realized around the year 2010. 

At present, the United States and Europe are ahead of Japan in this 
field. 


Since presently existina solid models canneat process all types of 
forms, It will pe nee, a tin de elop, fryr ex ample. 2 NAN-variable 
solid modeler, whore nm cam be used to display any kind of form, which 
1S equipped with robust tftorm change operation, and which, at the 


Same time, provides fast-processing speed. 


In addition, ai simulator for manufacturing process will] be 
requir ed. 


3. Impacts on Industrial Ecanamy 


Impacts of the product model wil) be approximately 
those of the intelligent CAD. 
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Autonomous Distribution Control 
Ll. Outline of Technology and Products 


This is an autonomous distribution system of a group of robots, designed to 
use a multiple number of robots in moving a heavy object which cannot be 
transported by a single robot, or to assign a number of robots to carry out 

a series of tasks in order to improve operational efficiency and reliability. 


2. Long-Range Prediction for Practical Utilization 


If the practical utilization stage of the above were to he assigned 
a numeric value af 100, then the current juncture 1n R&D would be 
at a level of 5, which means that the practical use of a simple 
system would be around the year 2005. 


< 


At this point, the United States 1s slightly ahead of Japan, and 
Europe 1s lagging behind Japan. 


Since frequent exchange of data among robots will be necessary, a 
data cammunication system technoloay will be essential. Caontral 
technolagy, designed to coordinate the actions of a group of 
robots, moreover. must he developed. Also required will be a 


robotic sensor and force control technology. 











mpacts ) Industrial Economy 

The system will be used in machine manufactur %na and assembling. 
ft will be possible also to use it In shipping, canstruction, and 
engineering work sites. The problem of 3k workplace, which 
( Irrently V< attract mNYg attention, may he solved Dy Substituting 
human Worker witn rangawrca 
4s for negative impacts, we unable to come up with any. 
Concurrent Engineering 
' Out tyne t Te nnology and Products 

r rrent engineering aims at achieving streamlined nroduction by 
effectively utilizing arious resources related to production. 
Th: —ACeoms lished by arrying Out technical activities. anging 
from product planning to manufacturing, which hitherto have been 
nerformed erially rr) parallel progress ion, Dy yr) talling New 

mpouter mod aA snared data hase 

-Ranve Prediction tor Practical Utilization 

rf the pract 2} uta}]ization stage were to be ass’gned a numeric 
alue of 101 then the current guncture in R&D would he assigned 
3 eB /R $ 10. wnIicn Meanc that practical implement ation of 

rrent engineering would be realized around the year 2010. 
At r .cant ¢ > | ; > . ‘ . el. + aho- 

orese ne United States and Europe are yitliy ahead of 

anyar ’ t + Fie 4 

pa 21d 

byect-oriented ftware will need to be Incorporated into the 
é fing database management system. Moreover, the kind of 
techr ly desraned to clarify the precision-cost relationship 
wh r at present, 16 mastly maintained by the production floors, 

that a omputer will be able to determine automatically 
{ymer nal tolerance of parts from the specifications of a fina! 
\¥ yi} t 
Impacts nN Industrial Economy 

Impact mronhably wi]] he similar toa those created Dy thea 
nthe jent 40 and the product model. 





Personal Information Communication Equipment 


i 1) y : T cy lax Vv > + 
1. Outline of Technology and Products 
This 18 Information and communication termina! equipment which is 
prerequisite to the maintenance, on a persona! base either at wort 
Or at home, of digital car phones, digital portable phones r on- 


the-premises cordless/wireless personal computers, equipped with 
dramatically increased number of connections over those of analog 
3 


commun?ycation method currently in use. 
Z. Long-Range Prediction for Practical Utilizatii 


tical utilization stage were to be assi1qned a numer 


~ er ~ _— — — —s _s — ~ ~ -* ~ — - 
value of 100, the current point in the R&D stage would he at 7 
which means that practical use of this technology would he realized 
around tne year 1995 
Comparison of various countries’ R&D efforts at th pont 
Indicates that 1f a score of 100 points were to he accorded t 
Japanese efforts, the United States would score } and Europe 15¢€ 
Key tecnnologies requiring breakthroughs wil! include the compact 
and light-weight battery technology, the systen ntrol technology, 
the coding tecnnology, and the packing technology 


Obstacles to practical implementation of the technology in terms 
of system and government policy would be the rad‘o wave frequency 
a] 7 a ¢ » s r . oc rm — | 
allocation, radio wave management, and, in terms the genera 
public’s perception and value systems, the problem of public 
acceptance, /1Z., the question of to what extent hanges ' 
personal culture brought about by this equipment wil! be accepted 
by the general public. For this reason, in order to put persona 
information communication equipment to practica ise, a re er f 
government policy regarding frequency allocation and ad wave 
management wi]! be necessary. 

3 Impacts on Industrial Economy 

Tt 1¢ estimated that the scale of personal Nformatior 
commur ahion equipment market wi]] reach the 160 billion yen leve! 
Dy 1995, when practical utilization of the equipment } be 
achieved the market scale for existing equinment mn 149 
appro. mately 100 billian yen), rncreasina anor mate 
billion yen by the year 2000, and approximate C en ct 
tne year 2010 

Pos t 7 e moacts created Dy the persc nal ani rmat y Yr af y 
equipment YM Tne Industral ecanamy wl | ] ne The as af nment T 
a new Ice database industry and the revita! at t } 
first lass and the second class mmunrcatran busine - the 
database industry, and the battery ndustry 








Negative impact will strike the existing-type telephone industry which will 
begin to decline. 


VSAT (Very Small Aperture Terminals)/Satellite Data Network 
1. Outline of Technology and Products 


The VSAT system is a satellite data system configured with a large 
number of distributed VSATs revolving around one or more hub 
Stations (parent station). It 1s a multiple-address type of high- 
speed data communication systems, pelle hier to transmit product 
Information, for instance, to dealers cattered throughout the 
country, or to send the latest medica! qaror mation to hospitals 
nationwide. Furthermore, the system 31s equipped with inter-LAN 
ie) } 


linkage and image transmission capabilities 

2. Long-Range Prediction for Practical Utilization 

If the practical utilization stage were ta be assigned a numeric 

value of 100, then the current jJuncture of its R&D stage would be 

assigned the level of 80, whicn means that practical utilization 
11 zed at sometime 


of the VSAT/Satellite data network would be rea 
wn the first half of the 1990s 


Comparison of various countries’ R&D efforts ar = =6ClrttNIS) pornt 
indicates that 3i1f Japan were to score 100 points for its 
ny 


achievements in this field, the United States’s score would be 206 
rope approximately 30. 


Key technologies requiring breakthroughs wil! include preamble-less 
tec 


echnology, high speed multi-access technology, and multi-access 
protocol technology. AS an Important support technology, security 
Fecnnology must also be included 

An obstacle to practical implementation would be the severity of 
frequency resource management. The key to achieving the practical 
implementation of the VSAT/satellite data system wi!! be 1ts system 
technology, which will be more important than each 1nd1v1dGuUa! 
technology. The problem af adjusting and AL igment Ng the 
ommunicatian protocols (which take advantage of the multiple 
accessibility of satellite systems) to existing TSDN and OST must 
ne dealt with 

3 Impacts on Industrial Economy 

Tt ¥S astimated that the scale of the VSAT/Satellite data system 
market wi!) reach the 320 billioan-yen leve! at sometime in the first 
half of the 1990s (when practical implementation will be realized), 
tne 100 hillian-yen in the year 26900 and the 200 billian-yen level 


in the year 20910. 
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] . rgence 
d tne low-priced navigation system and the 
rent and database industries. 


HOTVY (high quality image television) 


1. Qutline of Technology and Products 


HDTV (High Definitian TV) 1S a high-quality television 
Characterized by a degree of high resolution not attained in 
existing televisions (in terms of Information volume, approximately 
a few times higher). Currently 1 
competition being waged among Japan, the United States, and Europe 
In their effort to develop a model which can be put to use In 


ct 


1S a focus of Intense 


practical situations. HDTV is roughly divided into two categories 
Nn terms of its of use: (1) those designed for home use (mainly 
broadcasting) and (2) those designed For nus ness use 
(demonstrations, teleconferences, and tele’ectures, etc.). For the 


future, it will be applied to multimedia information terminals. 


Technically, it can be classified as technology concerned with 
Studios” tecnnica! standards, transmissian technology, and 
rece ving technology, including displays, camera technology, and 
storage technology. 

2 Long-Range Prediction tor Practical Utilization 


If the practical uti)l1ization stage were to be assigned a numerioal 
value of 100, then the current stage of R&D would be 69, which 
means that the practical use of nome HDTV wi!) be achieved sometime 


1n the year 1995. 


Comparison ei various countries’ R&D efforts at this point 
indicates that 1f Japanese were to be given 100 points for its 
achievements in this field, the United States would have a score 


60 and Europe one of around 70. 


Key technologies requiring breakthroughs wi!] Include transmission 
technology, image processing technology, and display technology. 
Of the peripheral support technologies, camera technology and 
storage technology are considered important. 

Obstacles of a non-technical nature will include, systemwise, a 
radio wave allocation system in the case of wireless broadcasting 
and a tariff structure in the case of wire broadcasting; government 
nolicy-wise, technical standardizatian policy; and sacia! 


—> we ~~ Ww 


4 
infrastructure-wise, wide-band communication network coordination; 
’ 


and from the standpoint of the gener al public’s perception, tne 
Question of whether a virtual reality as presented py the nign- 
resolution TV will be accepted by society. From the economic 
standpoint, improvement mn the rates of recovery ¢ fF equipment 





Investments ang of lower Na OSsts w } ne 
a 
~ — ~ —_~ ~ ’ _ 
Moreover, bolstering the industry’s ability to s 
software will be essential to popularization 
reason, large R&D investments to further resear 
policy for a software center wi!! be necessary 
. Impacts on Industrial Economy 
It 1s estimated that the scale of the HDTV mar 
20 billion yen leve! in 1995, 300 billion yen 
2000, and 3 trillion yen-level in the year 201 
leve wil] he increased from tne level of 200 
to tne level of 200 billian yen nm 1995 
Pasit eB impacts created py HDT\ m the industr 
=~ = = ~~ ww VSS ~~ - ee 4 - ~ = 
the emergence of a large wall-hanging-type 7 
specialized saftware industry anda f qa new ele 
mnNaustry Moreover, we also wil] cee re 
existing PC-wC industry, maging industry and 
Industry 
Tne existing motion picture industry w ] he : 
e — 9 - ~ture US , De 
and as a result, will begin to decline 
°C . | f_CaAmea” wIinrkra ; y ‘ I? f - . 5 + 
CS/BS-CATV (Communication Satellite/Broadcast Sate - 
Television) 
Ss ; ; , 
. itline ot Technology and Products 
Rroadcasting which uti1l1zes a communicatior 
broadcastinga satellite RC ) and CATY have a ryt 
macas 9 E Le SoS), a ‘ i 
Ff the competition and dependency Trends , 
r+vse f a metronolitan-tynpe CATV 15 eaxvnerctea 
S€ - 2etror a ype & > expe 
ontinue t nceorporate advanced functions V7 
and mt “ATV ). then CS. BS, and ATY an he 
a2 wide variety of information services To 
electran) publishing and the electron lyhrar 
e'ec ' : 7 ana tne ee 
? — y ty + ,Y LD» 4 ] : 
~ \ reaict I T cAt LCcail Li 
If the practical utilization stage were to ne 
sa lye \F 1O0 Tnen tne present rNCTUre try TH 
mn relative terms, would be assianed the levee 
that If we are to assume thnat opt 1¢ CATV w ] rie 
practical utilization stage, rt wil) be around 
pe acnieved 
Compar Ta f ar yous QOuntrives R&M efforts at t 
+ + + + + A . 
~Nat apan were be given a > re 
3 nie ementc« rFnen rhe rin ted St aya wh la 
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Key tecnnologves requiring preakthrouans wri lov ace Tre mul rs beam 
satellite technology, the optic CAaTy techn: y¥, and the w-priced 
optic circuit technology. 4s Important support technology will be 
the scramble technology (secrecy method) 

Non-technical obstacles to practical implementation wil! he social! 
constraints which wil] seriously affe t the regu ataans ai erning 
the framework structure on the radi wave nolrcy and the 
Communication and Broadcasting Laws. Reduction of Sts, moreover, 
must be pushed. The question of whether society wt)]!] accept the 
new electronic media, CS/BS-CATYV, positioned between the houndaries 


of communication and broadcasting, wil) become an important point. 


2. Impacts on Industrial Economy 


tne 40 billion-yen leyel] wn 19956 when nractica i)? Zat n ’ 
be realized, the 60 billion yen level in the year 2000, and the 140 
r}liaian nm level in the ear 2010 The RZD Fundina level was 
ye eve Lune yea eure. : SL AN ! EVE aS 
est Imated at 5 billian yen: Tnis trend will nNtrywnye tue + ) rne year 
2000 
Positive impacts created by CS/BS-CATY on tne ndustriaal economy 
would include the newly emerging electron anlishing iwdustry, 
and revitalization of the old industries, icnm as the second class 
TammuNnI cation Dusiness and tne CATV Industr Tne se ndary effect 
will be felt by the satellite industry and by pty fober 
manufacturers. 
+ 7) 


The existing ground broadcasting and video renta’ businesses wi 


be impacted negatively, as a result Ff which factor their decline 
will set an. 

TV Conference System 

1. Outline of Technology and Preducts 

Tnis 1S 4 TY conference System qesianed t tfrancmrt TY ages and 
/o1ces through high-speed dedicated circuits and a mmunircatiran 
satellite, making 1t possible to hold a nferance participated 3n 
not only by speakers at two sites, a method currently in use, but 
also at a large number f sites as we! 

~ . D se > on 1s . = ‘ ') P . 

<. LONnv-KRanve FPredilctlon [or Prractl 

I f the practi ql utyrlrzatiar ~-TAQeE were t re ’ mend a numer) 
‘alue of 100 then tne nresent UNF tfijre ' the re af ) @ RA: atane 
would be one of WwW This mean that pract ’ t ) 17vatian af the 
7 nference cycteam wl) he roalarrvan y ‘44g 

















+ = 
a r\r . , > 
ey e jies ea rynN>? OreaKx«tns NS .F ‘eo Mana nann 
> , > » | = - ~ 
nor acc ry) > r\ry Iv ance y , ‘r ’ = . ? ~ > . - ’ 
~ - ~ « —_ j a AO y = if 2 OF | = ’ ’ 
ry) rT anes rr r +> . } . , ~ 
pc a - > Lip} Scr MJ eso Wwe He Tne ne r yf } — re + 
=a ow = - 
r rr : T ~ } 
2nNqQ tne ac Is mri eBssina tecne yes 
Noan-tecnnicay) YN<at 2 } + r t+ > } . ’ > a + 
~ we - = > | e= a ens > 4 mnie eer _ ’ > TNS 
~ a = — a 
Nrarean:;a t ry } } r + ) } 
_—_— A r , > = : 
ence syste pe tne f{ -Y¥Y OF estadlishning the hac ror 
> 
rw# ec ed rr ’ > ‘ a ° 
atec, é e speeds ’ IES yIstances ot and 
4 ++ \+ : ’ 
} r=" r or . + T ’ 
aoe . = ’ we’ j : — inc x ey r ") T Ny are" t ry< 
~ ™ = s ~ 
rr. Ic ' > t - + ++ = } - ‘ 
= © 2° [ ) . rrom fy Stanar Int tr fnHe ynara 
ww Se => = 
) ’ . 
f rm = r r any ?r ’ , | ] ] ] 
ORs 56 poe o 3 D. + io : Ct amc ? wenara ry ry r ‘ 
- —_ ~ - > 2 = » ~ —_— 
ar: _ } . ¥ ~,r , na > . + ’ + . 2 
s > “~ os ; ; rie ’ 4 r RA Tne r 2 ror } ’ 
~ J = J 4 . — wa y _ ~ .* : 
ie | r } > | + , + » ) . ) 
y -- 2 ’ r > a . 
y we Jeter practica mp lementation 
> v a , -— 
4 ror + ° ° | + . 
4 | c r ’ . 
4 > 4 64 3 aa my 
T+ + + > , 
- C ry ary r T TP Q + T 
at > © 2teq A e scare r ne Ntarer 2 tom market 
— ~ —— , 
) r ¥ - r , ’ x . 
nw e4 4.— 2 f ) , @Qr 2\/ a r Tne morn - Y 2 t > rxar ' 
7*< : = = > 
. ‘ 4 P a) " . 
) - 4 an ry , \ 
A‘jo « ae Lo ~<. r) Jer i ~ Vr rr — ~ . ar ’ Tr rvé 
- > 4 , ; 
r ; + . \ 4 T r 
Z L yo’ ~ — r ay =" J/eagr ats r or > bw al , . , ‘ 
— . ~ = ~ J 
~ . ‘ > ) 
- ~ ) . > . > 
ba > t ’ J~- -— ry 237 and T 4 ren r THO r ’ ’ 
4 _ ’ ~ . - - 
7 : 7 
. - : 
Jer 2 ran , Tne J ¥ an Ww mroenk t > ? r , 
— =" r) rTne AaAar 9 
/ ,¢f ryor + + | ‘ Y 
Ss - ( 3 “ roa en an Tne nr era? 2 . ton > + > 
ee | ~+*, . Y _ . » 7 . . ’ > - 
Lu 2 = ? “ r) ii te yr) t rmat ’ r 3 re Aw ] 
nrTrarar fa M2Nog a, , r >. » . a r r > 
- Pole j — 3 2? 2<— © = no ~ ar | r © 4 ’ , 
> , > . . ’ ° + c 
— * ~ ’ y 3 é r uj ’ oC 3) | + rina ryry rm? a? , , ‘ + » 
T ‘ . ] 
. , , —- 
r\te — 4 -- ++ ~ Ai r eo xy 2. Ter » t Tre — sory , ’ y , 
,F Vij > 
a TT ’ 
; rea ianp ne 
>. : 
4 \ ’ 7 ’ con 
jt Hea + ecnr \ anc ~ F | T< 
- ~4 ~ 
v Y ’ 
. oc . + , . , > » , * ‘ 
4 > — 1 é+f77 NGO prcture - r ye ow? 4 re on: 
A Ty? Tb ry ’ + ry i ’ + Y r . b > 
=) OMe r ae ‘ ? r Yr = ’ rie 4Qeory y\é 4 
, ~ . J — i > » ~ 
> ca & , 4 
4 . A >< + Y , 
i> Ny £ Mpr ’ A C ry< my re pI 4 Ld ~ T t re ! T A . 
> 
Ww - }) nS ° > 2 a? , > Tne ram " jrve Mryor > an an a? ry rc + 5 >, 4 
— * “ . ia - 
+ 9 " " 
. . . . + . 
ry y or ~F r 1 , 4 ‘at nac 5 + wer > r< 4 + , 
+ + ’ ) } ; + ’ 
rm\r 2 << a wi? y r , - >» 2 r + ro "y nyeaq ¥ or rv %\  £ P ‘ 
’ - - — 
~ be 
r+ + + | + + > > 
yo rir ry 3 >a a “varo' wWeara aYy> =) Aart ) y mor 
* > ‘ ‘ _ ~~ ‘ 
? 4 , . . . 9 
JA o + tT rnpopr rere rc 6 ? ’ r ? rQ ’ a oY 4 ww rane a r\é 
| : a 
’ + + + ) + + ? } 
me ¥ mie a7 y 2 r\r 4 4 , 2 > Ww) ‘ar>' 2 y © ‘ ‘ », > 4 
4 > 
‘ ‘ 
4A 








MOArIson at ard’wous countries’ RAD ef Forts In the frielid Indicates 
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tnat a Japan were to he a1veN A score iF 100 DANS the United 
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points. 

Key technologies requiring nreakthrouagns wi)! nclude imaqe-band- 
Amnressi9n technalnaay and tinat OF ImMage-pracessIng processor 
OMpress L€ 7) e-F = essc 

Important support techn rye°¢ wil! he the high-density packaging 

. wi VS - Very. - ~<S - _ —~S OS J “ of, se ay J 
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Non-technical obstacles and problems to be anticipated would be 

from the standpoint of policy reyis1an of the telephone rate 
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System; and from the saoc1a infrastructure, aajustment and 
mprovement of the widenband area communication infrastructure 

From the standpoint tf the gqenera QUDbTlIC'’S Dercentigans and value 

s tcne st IPC LC Ne genere DUD! s percept > and Vad e 

Systems, 1f wil] take some time before people become accustomed to 

naving face-to-face telephone conversations Ow coast wi!) be an 

essential factor in putting the TV telephone to practical use Far 
2ssenet aACTC PUTT 3 re !e one fF pra = ASe. ‘ 

this reason 1t wil! be necessary to come up with popularizatian 
promotion measures for ISDN-related equipment iNctTudyagqg TV DNnoNnes. 

2 Impacts on Industria i NAM, 

Tt 1S expected that the scale of the pmhane marbet will reach the 

19 Dillion yen level! at the practical mplementation stane +rnea 20 
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practical mmplementation stage 
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travel! ina time petween kyo and Osaka to just an hour Moreover 


it nor only 1S free cit r) } ~ ana vwene ativan Nut alsa SAavVeS eNnernay 
It has the great potential af becoming the transportation of the 
21st century. The Superconductive linear motor car current} un 


q Aims at 
sneed of 700 


development uses 4 «regular electrostatic magnet and 


w 


chieving tne speed of 4500km/nour. The maximum sg 


km/hour will be achieved by the next generation of linear motor 
cars which wil]] use a high-temperature vibereenducwive. magnet. 


~ 


a Long-Range Prediction for Practical Utilization 

If the practical utilization stage were to be assigned the numeric 

value of 100, the relative numeric value of the pre t juncture 

in terms of the progress made in R&D would be &O, his means that 
a = 


practical utilization of the superconductiy 


currently under development will be achieved in the year 2010 and 
of the next generation of the linear motor car, in the year 29390 
Comparison of R&D efforts of various countries at this point 
indicates that Japan is the phy country which is developing a 


Superconductive linear motor car. 


Key technologies requirind breakthroughs w 117 he thase required ia) 
developing high-temperature superconductive materials, explication 


of the aerodynamic characteristics displayed by a car 
thrusts its way into a tunnel, in development of magnetic shield 
technology, and in development of train cantrol systems. 


In order to avercome obstacles to practical implementation, fram 
the social standpoint, there 1s Qa need for strengthening the R&D 
evelopment setup, augmentation of the system for technological 
advances, and a sufficiently large sum of money to support well- 
coordinated main rai) lines. From the economic standpoint, since 
there 1s a sufficient number of potential users, 1t 1s essent a! 
that the kind of fares which can compete with those of airlines an 

the shinkansen currently in aperation be established Currently 
Japard Railways 1s working on producing faster trains an Shinkansen 
Line (350 km/hour), which will give stiff competition to the 


current model of linear motor cars 


In order to solve these problems, i1t wil] be 


eee ee 


] 
country approach this problem with the determina 
install the next generation of high-temneratur 


2 re superconduct - 
linear motor cars. Moreover. in order to comnete with the high- 
speed Shinkansen trains, it wil! he necessa to increase the 


sary 
presently planned speed of 500 km/hour to 700 km/hour. 


2 - ~ mea -3xra1] . r \ 

2 Impact an Ina tria economy 

Tt 18 estimated that the market scale of the superconductive linear 

motor cars wil} reach the 1 trillian-yen level. including 
193 








sanstructian casts. Tne number of related industries’ research 
laboratories will iancrease to 50 companies. Positive impacts 
created by the superconductive linear motor cars will be the 
formation of new industries, such as the venrcle manufacturing 
industry which will manufacture the superconductive motor cars and 
the parts industry, whicn wil) manufacture coils for tracks and 
other parts. Revitalization of such existing industries as the 
rai] car industry, the metallic material industry, the construction 
industry, and the electric-electroanic equipment industry, 1S 
anticipated. 


Negative impacts will be felt by the hote! and inn industry, the 
airline industry, and the existing high-speed” rar car 
manufacturing industry. 


From the viewpoint of technological ass 


S ect 
and magnetism on living things are factors which must be ex 
carefully. 


HSST Linear Motor Car 


1. Outline of Technology and Products 


This 1S a rail car which 1s propelled by the regular conductive 
magnet which levitates it approximately 1 cm above the rail. Its 
target speed, aimed at medium distances, ranges from 120 km/hour 
to 300 km/hour. While the superconductive linear motor car is 
designeq for long-distance travel, the HSST linear motor is 
designed strictly for mid-distance trave’*. It is free of noise and 


Vibration, and, its low canstructian cos.s may catapult 1t to the 
position of being the main conveyance for inner city travel. 


2. Long-Range Prediction tor Practical Utilization 


means that practical implementation would tak 
1995. 


Comparison of advanced industrial nati Current R&D efforts 
indicates that West Germany already has achieved ai reygular 


conductive magnet method transbit at 500 km/hour, with a permit for 


commercialization already secured. In England, the normal 
conduction linear motor car, the “Peapnle Mover,” similar to the 
HSST, 18 being operated hetween Birmingham Airport and Birmingham 


rand 
Train Station, caoveringa a distance of 640 m. 


ss — _ 


We cannot think of any obs 


racles which would bar practical 

T lonear motor car. The 
commercial operation appears to indicate that 
the development of the technology for its practical use is 


t 
Implementation of the Ss 
HSST(corporatioan)’s 


In 1ts 
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1 ernment and rqgani7at ms ra nreana rrne technology to t 
nractical implementation stane. Tnere aren serious problems 
WNICTN we KNAW wnict are aucsed bo e nomic canstraints. Since th 
met nr. 7 3! Ne ADT ) ed + Onsgter ; + Ale) a hiah-suspensian monoral) 
>ysten aS LO Nes ser nq suodurods, 1h Nas a much brighter Future 
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Pasitive immnacts reated by the HSST linear motor car on the 
ndustrial econamy will pe the formation of new industries such as 
tne magnet materials mdustry and the parts industry(i1.e., 
MAN ITA r r } T ] T 3 KS as wa) ] AS re ital ‘7Farraan OF the 
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2. Long-Range Prediction for Practical Utilization 


If the practical utilization stage were to be assigned a numeric 
value of 100, then the current juncture in R&D would be one of 10, 
which means that 1t will be around the year 2000 when practical 
utilization will be realized. 


Comparison of advanced industrial nations’ current R&D efforts 
Indicate that Japan 1s leading the way in this field. Levels of 
the U.S. and Europe’s technologies are about equal. 


Key technologies requiring breakthroughs wi!1!l be those used in 
developing (1) efficient connect/disconnect mechanisms; (2) 
connectors which link two trailers, or a trailer with an incoming 
freight car and a locomotive; and (3) light-weight vehicle 
material. 


Obstacles to practical implementation an terms of socia 
constraints will be those which will undermining the easing o 
regulations concerning railways and roads as well as support from 
the national government. Ecanomic canstraints will be those 
problems associated with the mass production of vehicles and the 
realization of low costs involved therein. 


In order to solve these problems, the easing of regulations 
concerning roads and rails and support from the national government 
will be essential. 


. Impacts on Industrial Economy 
The scale of the bimodal system market 15 estimated to reach the 
10 billion-yen level in the early part of the practical! 


Implementation stage. 


A positive impact created by the bimodal system wi!1 be the 
revitalization of that part of the vehicle industry which 
manufactures railroad carriages for use with trailers. The 
bimoda! transportation system will make easier for various local 


Industries to become part of the national distribution network, 
which, in turn, will revitalize those industries. 


Negative impacts will be felt to a dearee by the automobile 
Industry. 


From the technological viewpoint, Improved efficiency a 
transforation will reduce the number of operating trucks, thus 
reducing gas exhaust. 
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Next Generation of Automobiles 

3 = 

1 Qutline aft Technalagay and Praducts 

Althouan its basic structure 6 an ervtende: versian of those of 
Altnoug rs basic structure c extended 

gasoline-engine aUtLOomMOoDITes Currently nN use, the next generation 
of automobiles will be safer (in terms of collision prevention), 
kinder to the environments, economical, and enjoyable both to ride 
in and to drive. In the future, when these advantages are 
realized, its widespread use will fallow. 

? = _ ) - ‘i an for Practical Ul 14 t 

2. Long-Range Prediction for Practical Utilization 

If the practical utilization stage were to pe assigned a numeric 
value of 100, then that of tne current juncture in R&D would be 40, 
wnich means tnat if wil! pe around the year 2005 when practica’ 
utili zatian will he realized 


orts 1m R&D at this 

hroughout the world 
R&D of the next generation automobiles as they fully 
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ts Importance. 


Key technologies requiring breakthroughs wi!!! be those related to 
collisi90n safety, prevention measures for safety, environmental 
measures, low energy consumption, integrated vehicle controls, and 
Improved comfort and ease in drivin: 
As for abstacles which may deter practical implementation of the 
new automobile, few social canstraints in terms of public 
attitudes, government policy the social infrastructure, and the 
environment, appear to erist 
As for economic constraints, these include (1) labor shortages, (2) 
high wages making the business’s efforts to achieve low-cost 
products difficult, (3) the vast amount of R82 funds required, and 
+ lack « > cr -, } ~ 1 
(4) the lack of research personnel in the electronics field 
In order to solve these problems, substantcal levels of research 
funding and personne! wil! be necessary Moreover, depending on 
the particular research field involved yornt projects. more than 
ever, will pecome necessary Bovernment assistance policies 
designed to aide in the advancement of research wil! be essential’ 


eS 
Nn the area of basic researcn., 


It 1¢ essential that the scale of tne next generation autamob: le 
market wi11]] reacn tne 3-trillion-yen jeve! in the year NNN Tne 
number of related manufacturers’ research laboratories as a 
consequence, will ne increased to approximately 300, Including 
those related to parts-manufacturing industries. 








Positive impacts which the nert generation automobile wi)! have on 
the industrial economy wil! be the revitalizatron of automobile 


Parts industries, which manufacture air bag systems, various types 
of sensors, and recyclable plastics. Revitalization of the 
technology industries, such as simulation and software package 
industry, is also a possibility. 


Negative impacts will be felt by the existing automobile industry 
which will suffer a big Dliow. 


From the technological assessment standpoint, it wil] be importan 
to pursue a macro-energy-saving policy as viewed from the vantage 
point of the low energy consumptian technology and to attempt to 


ease the traffic congestions of main roads through reexamination 
of traffic systems. 


Sate!llite-Communication-System-Equipped Automob: 'e 


1. Outline of Technology and Products 


This 31S a new type of an automobile equipped with a high- 
performance phone, FAX, and a navigation system, designed to 
improve the automobile’s occupants’ ability toa communicate with the 
outside world. At this time, some automobiles equipped with the 
basic system are available on the market, and those equipped with 
the high-performance system are currently under development. 


2. Long-Range Prediction for Practical Utilizatian 

If the practical utilization stage were to be assigned a numeric 
value of 100, then the current juncture in R&D would be assigned 
A numeric value of 80, which means that practical utilization of 
the high-tech automobile wi]] be realized at some time around the 


year 2020. 


Comparison of advanced nations’ R&D efforts at this point indicates 
that in this field the United States is substantially ahead of 
Japan. 


Key technologies requiring breakthroughs wil) include the 
Simultaneous bidirectional communication technology involving a 
large number of automobiles, the voice synthesis technology, and 
the high-density packaging technology. 


As for obstacles to practical implementation, international 
constraints concerning the use of a radio-wave resource wil! 
constitute a major social constraint. Adjustment of 

infrastructure accommodating the launching of many sate 
of installation of ground communication stations will be essential. 


—_ (tr 








Economic constraints wil] be tne shortage of electranic technicians 
and the R&D funds, which must be dealt with as the field has great 
growth potential if the problems of low cost equipment and the 
establishment of strategic usage rates can be worked out. 


strong government leadership at 


In order to salve these problems, 

international conferences cancerned with use of radio wave 
resources wil] be required. Also required will] be an agreement 
with respect to government investment to augment the social 


infrastructure. 


x Impacts aon Industrial Economy 
It 1s estimated that the market scale 
communication satellites will reach the 
the year 2000. The number of rel 
laboratories wi1] increase to anproximat 
parts manufacturers. 


Positive impacts which satellite-caommunication-system-equipped 
automobiles wi!t!l have on the industrial economy will include the 
emergence of a new industry which wil! manufacture automob? le- 
mounted telephone equipment and navigation systems, as well as the 
revitalizatian of existing information software Industry, 
electronics industry, antenna manufacturing, and functional glass 
manufacturing industries. Moreover, a smal! communication-facility 
manufacturing industry which uses sate!llite-communication-system- 
equipped automobiles may be included in this group of revitalized 
Industries. 


A negative impact will be felt by the publishing business which 
publishes road maps and guides. 


loagica! assessment, prevention of 
he breakdown of the launched 
Oollides with a ground station 
thing whicn requires looking 


From the standpoint of tech 
accidents and disasters caus 
communication satellite — 
would be a preventive mea 
Into. 


Gasoline Substitute Fue’ Automobile 


1. Outline of Technology and Products 


Among many candidates for automobile designs which use substitute 
fuels are an electric car, an alcohol-fuel car, and a hydrogen-fue! 
car. A recent estimate indicates that an electric automobile 3s 
the most promising type gasoline substitute-fuel automobile. 

Although the electric car had the disadvantage of being able to run 
for only a short distance between recharges, it 1S now predicted 


that this problem will be solved by the development of a gas and 








electric hybrid engine. After tne year 2000, when a fuel battery 
wil] become available on the market, its use will] gather momentum. 
: lLang-Range Predictian for Practical Utilizatian 

If the practical utilization stage were to be assigned a numeric 
value of 100, then the present juncture of R&D would be assigned 
A numeric value of 80, which means that practical implementation 
of electric cars wi!] be realized sometime in 1996 

Comparison of advanced industrial nations’ R&D efforts at this 
point indicates that the United States is substantially ahead of 


Japan in the development of an electric car. 


Technologies requiring breakthroughs wi!1 be thase of the secondary 
battery, fuel battery, hybrid system, and “wheel motor” system 
technologies 

As for obstacles to the practical implementation, the social, 
infrastructure, and environment constraints will undermine a strong 
environmental policy, netwo * recharge stands and the 


5 rks f 
coordination of services, and the reductian af casts which must be 


——“ » 


born by each individual, respectively Economic constraints will 
include the higher price of electric cars compared with that 
gasoline-fuel cars, their limited us and the shortage of electric 


. - 
engineers who must take on the technical development as well as 
& 


that constituted by limited R 


In order to solve these problems, undertaking of projects on a 
national scale, designed to develop smal! and = =Jlight-weight 
secondary batteries and of new materials, wi!!! be necessary. 

3. Impacts on Industrial Economy 


Tt 1S expected that the scale of the gasoline substitute fuel 
automobiles wil!) reach the 100 billian-yen level! by the year 2000. 
Tne number of related industries’ research laboratories, as a 
result, will be increased to approximately §0 companies, including 
those in the auto-parts industry. 


Positive impacts which wi1!1 be created by the gasoline substitute 
fuel automobiles in the industrial economy wl! be the formation 
of a new industry which manufactures recharge stands and equipment. 
Vitalization of battery and motor control equipment industries wil] 
be a possibility. Negative impacts wil! be felt by existing 
gasoline stands in regions where gasoline substitute fuel 
automobiles wi!] be heavily used. 


From the standpoint of technological assessment, examination of a 
System of which battery recycle technology 1S Qn Integral part must 
be conducted 


Ah 
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Revolutionary Automobile Manufacturing Technolog? 


1. Outline of Technology and Products 
This 1s a revolutionary type of automobi le-assembply-manufacturing 
technology, designed to solve a mu'!titude fF norohnltems facing 
automakers in recent years such as ¢ e of energy saving, of 
environmental measures, of recycling problems, of ‘abor shortages, 
as well as the need to improve assem Tapabi litres 
2. Long-Range Prediction for Practical Ut zation 
If the practical utilization stage were to be ass'1aned a numeric 
value of 100, then the present juncture in the R&D stage would be 
assigned a numeric value of 59, whicn means that practical 
utilizatian of the technology will] he realized at some time around 
the year 2000. 
Comparison of advanced industrial nations’ R&D efforts at this 
point indicates that auto make: throughout the world, heing aware 
of the crucial nature of this revolutionary automobile assembly 
manufacturing technology, are devoting cansiderable effort in RBD 
mN this technology. Not much technological difference, therefore 
exists among tnem. 
Key technologies requiring breakthroughs will include the automatic 
assembly technology, the part utilization tecnnolagy, the companent 
technology, the next generation CAD/CAM technology, and the robotic 
technology designed to develop assembly and processing robots 
As for obstacles to the practical implementatian in terms of 
social constraints, we percerve few which will be damaging AF the 
element technologies Nsidered the key to development of the 
revolutionary automobile manufacturing technology, those reaquirina 
advanced technoloaical R&D must he nursiued as part f a laragqe-scale 
— — ss a ~* . — , — wa ~~ J™~ —~—— ~ 
government project. As for ecanomic constraints since this 
assembly technolag will he nut ¢t nractical so as QA Droductian 
tool in automobile plants, it wi tend to be nfluenced by 
economic changes Tf prices for assembly robots should escalate 
then practical implementation wil!] face a hurdle 
In order to solve these problems, research im practical use of 
assembly robots must he pursued as part of a large-scale national 
development project 
3 Tm cts an Industrial Ecaonamy 
>. Ln —~ LS L us t : . . 
TIt 1s estimated that the market for total] 1utomated assembly 
lines and automated assembly robots, achieved by the revolutionary 
automobile assembly manufacturing techn tv, will reach the §0C 
ASSe ' anufacts q te 3) Pac : 


bi llion-yen level mn thea Jear 200 The number \F related 





companies’ research laboratories, as a result, wt?! increase to 
anpra. mately 100. Ne lyudina TNnase af narts manufacturers. 
Positive impacts which the revolutiyanary automobile assembly 
far , - + . 7 a —_ 
manufacturing tecnnology w NA Ve ry the ndustrial ecanomy wil] 
be the revitalization of Nndustries manufacturing the totally- 
automated assemoly lines, automat ssemp! robots electranics 
and mecnatron) S progucts, ANY coamniiter caftware 
The assembly robots are used in ayutamated l+nes 1n variaus types 
of manufacturina tndustries, ontributing toa greatly m™mproved 
~~ —-~ ~ ~~ ~ ~ ~~ ~—_-~ d — ~_— 
At IA tization of parts 


productiy1 ry. Moreover, unitizatian and camponen 
t 


n a 
will facilitate the recycling of automobile parts and materials. 


Negative impacts wil! be increases in R&D costs resulting from 
automobile unitization ana OMPaANneNntLirzatran which Vr turn wi] 
expand the technological! areas under the cantrol of auto narts 
makers 
From the standpoint of technological assessment, since research 
will be conducted im an automobile develanment system which 
encompasses a broad scope of technological fields, ranging from the 
dlagte elds, rhe 
planning and design stages to that of automatic assembly, the 
results of future research wil! he extremely fruitful 


1. Qutline af Technoloay and Products 

In addition to Its Own HDuoyancy, the Techno Sunerliner has a 
Support structure of a hydrofoil lift and a hover craft’s air 
pressure system skillfully combined. This 316 AQ NeW technical 
cancept on which the Techno Super liner 1S canstructed Techno 


Superliner, with its load capacity of 1000 tons and speed of 50 


knots, 1s a seaworthy liner designed for ocean voyages, capable of 
Sailing witnout any aiffocult, ) A rovuan weatner even when waves 


are from 4 to 6 meters high. 


Because of its high speed, its use 1m the 21st century as a hrgh- 
speed liner linking the Far East/Southeast Asia and Japan, and as 
a means of high-speed transportation for domestic use renlacina 
trucks, for example, or as a high-speed ferry, 1s expected. It ‘s 
considered as one of the major means of transportation for thre 
future 


2. Long-Range prediction for Practical Uti lisatiar 


If the practical ytrlyezativer Stange Wor try rie r) > V.py Ie 4 3 rye Med! 
e of 199, then the present une Ture yy the Techno spe e’ 


R&D would he aS ,o? ory 4 ryiimar yy, \ a )iger of ai why). by Mer Bry * bs af 





> 


mM 


iT 


4 





D 


arnman tt ? 


jv 


ip 


f) 


e9a 


jv 


if) 


tf) 


t) 


ct 


Fon 


cr 








jy oh 


a8) 


‘ternational comparison of R&D off 


Ll» 


iture hi gn-speed tour ala leisure 
, ° = 
e S enerarfrina r ‘ens > 
= S$ generat GS a great gea ® e 
Long-Range Prediction for Practica’ 
9 2 eqictiyc c actica 
e practical utiiizatian staqe were 
2 practica ut Zatic stage ere 
2F 100, then the current junctur 
eric value of 89D, which means that 
alized at some time around the year 
re ship, practical utilization can 
oe 


west Germany already has commerc: 


No examples of R&D In this fre 

1teqd States rn apan aiso 2 larae 
~——~ ~~ ~—— ~—PE > _ ~~ ~ -* J 
ently under development and its fut 


tTacnnninaniesc renirwrwins hreakthnroais 
Le -97eS eEQL Dreak«t OU 
r TaAN \F liaqhter-welant Shims 
~~ ~ +> J***- ~ é 
t a las — ’ ry +> ~ ~ ~ ot 
fr ana Ant we1gnt engines, anda ¢ 
r obstacles to practical implement 
De »Ncentrateda mm tne area 
tTance mn Fiinaina: and There Ww 
: q 2 ie 2 , Lnere 
raint ™m tne urea af establishing 
Ecanamic canstraints wl) no 
~, = - -~ -—-~S _ + ) 
opment, mass production, and the 
rder to colve these nrohiamc Ff 
= LC sc = Lnese oOroprems, 
able, development of new markets wi 


Impacts oan Industrial Economy 


expected that the scale of the surta 
} 


reach the 10 billion-yen leve 


practical utilization stage an 
er 1t wd!l araw and by the year 

; 4 gre d by the yee 

1) reach the 30 billion-yen leve! 

ive ImMmacts wl) he the format) 


le manuf acturimna indgustr. and tne 

Industry, a segment of the users 

les 

1ve Impacts wil!) he few: 1% 16 Nassih 
—_ f= = ss / — _ , - - r — ~ 


"-craft industries may be partially 


e &) pa 

the technological assessment vrewn 
cne tec 910912 assessment ewer 
launch, the problems of disaster 


examined. 


{‘p 


4 


~ 

] 
-~passenge 
tw 


{Y 
5S 
ct 


~~ 


~~ 


if) 


[onstraint 
ernment ’ s 
ronmental 


ma wrth 


usage- 


market 
riod o 
market: 
ted that 








,T ~ 
LAA A Lre L } 
» | ? ‘ a To rr ‘ =o. » | 3S , a 
Ty y ’ 4 . a . ~?+ Y | ™“* _ ? , x ? ¥ ’ " y “Fr T ‘ 
= . - rnA =) J ’ ~ VS - es ~ - e ? ay 
Cc aA a , ’ a* . No, aT nS ry, y _ Pe rt ¥ Cc my, fay oe 4 e a ; . ) , 
25250 Come n4r T 3 Wt ry re Te AraArmMaAay.rt Yr) > nynort { } rnese 
v . 
nrne ecg Qcje cS - ar ~ “rr “ a one r = mrFAmN): ? ~ r r rt mr 4 27 
" 
m+ Aa trNean - ry anc ar . ‘i ce rmnrorne af > 2 a) ar > » en mf -a 73 t' ‘ 
, , , 
3 ereorsa 2A aANMTA ry = Ora T 3 KT N eaoOOoc a’ y rr) 2 —_ nec 
> _ - > - - > > > — t- — . - ~ = 
} , T 
> cma Frond + » a. ror ,ratr nh a. ha tina "an “ andere rMhaca r = + on 
eliminates Tne need Tor 2 NavIQgat nm exnert NY Noara Ane | 
MnNa-Ra é Drad tian Ener Dract =} + r-ataan 
A J C J - ‘ ~ = ~ : : 
a , . 
Lr tne onract 2 ry y7aTwI]AN stane were t Ne Sc men Me. 
3 je t 1 Trner The “irreant mNET reo tr Tne ~ . a na 
oF | . ry } ff) T ) 
a - _ le 7 = iin OT ry } MA rr 17 r y 3 r >] 
t = = - 4 5 - a —“S ‘ 5 : - : 
Ss 
uty 17a. ) Tt Tne2 inte gent eniqun Ov la at ar na rrnhe aQar 2 
~ — -_- ~ ~ > ~4 ~ ~ = 
a mr . , , ~ 
NDA? C ) T ary = YUNTrVes FQ area A err rtc aft tinic r - 
a at; = ? ,¢ ar ar 2nnNnearc . at= =~ if >f Lane > >} ’ anoad > Tne re > 
= > >. - ~ — -~ ~ ~ ~ ~_ ~ - . 7 7 ~ ~* ~ 
f Tne w ’ ; Ne Liniten Statec mod Fur 2 ara r+ the came lave 
a , 
r=) rr) ) — ren rwnea mreaarrwrnrs YNOC lw 7 nyo T 7 sce Cary yr) rne 
12 2 AYMcrn sr r a7 3' ean 3° T tT =n 4 to ] 1 year — ary 1° - eI _ T MAT 
wr ’ , T ry | > , = . | + ¥ rT 4 - ~ 
=’ 3 > af i> a | o ’ ~ Yryyy a Py 7 Gy 2 Qqryyc 
' re yr a? ve 2 ‘ af ’ 2 _ Of x ? cycfamc ~K , c a¥ | Ww ” b ¥ r te > 4 
weatner FOreEcactinga techno v\ 
" . , ; 
As Nara 2s. tT ora ry = | IMnmM | amMmMant at or E , 12 Yoecftra.a + 
= < : » : 4 | - : 4 
jeterr » FHUNAINGA system sunnport yw dinat r) \¢ 1 AMevelonment 
exe t r cern ana The “ONSFtrychyan r a NA 1'OQAT IO Ss rey 
mn wy ’ p a a ~-yaoramc may No meant } “ean > nom) moarra mT 
mA ar re T JEeEepnpenmrna aNor cnort 7oOC¢ rn Tre t jrTipre 3 at alee lel, at 
~~ 7 _ - ~ Pe = - ~ - 
nresent The needc zr 2 nor Trnart roeant Mor @nver cSywnce tre 
ry , + " , } } 
¥ > ga - . rac near ¥ - % , ~\+ 4 } sar 1ea-—-c 3 rom) = ~ft on ~ inact arr > 
< ~C : 44 = >t =3* . - =. j< = ws G y , =aS : 
, , y 
+ Tala mnale tw No rem jyrred mor Tne w“nNnaqert ak INA Tr we nrg 2 Tv r) 
| 5 = ;~ ~ . Ps - 2 J \ j= 
" , " 
%roer rt S 2 Theace Aron ltieme ft wt! ! Ne ¢ fas t 2 ++ + tip 
— See S , < — > A : 
: , : 
sie earnmaryt rv . _CIoaQ cr yr ry } support ? ‘ >) nHiIo ‘6 my 3 r ) 2 +> +var) vr 
, 
Tf the nte 1Qeant NavIaqatiwynar cvctan wihy? le Nai1deriina the 
“~™ ~ . ” = 
DOSS1HD1 a + - Mo i" , | + wreogani? af ’ wa atin To < " Tar . | a Q re 
— - ™ 7 ° ~~ 
mrarn is ya at »¢ . 7 
= 2 b | 
. Tmna tT ' Tina rT a } b ovy m\ 
4 | . ‘ a . * 
, . 
Tt 1S r=) ryimate ’ rirat rne — 2 = t rhe inte) 1} le 7 sma MArkef N 
. | , , 
rec 31 r) tne ’ ry} ’ ‘ry ar le o | © \ te) mNg cetan ry * » > ~~ 








Positive impacts created by the intelligent ship an the industria! 
economy will be the formation of a new industry manufacturing 
advanced ship’s navigation system, which wil) be engaged 1n R&D and 

Systems and 


production of advanced Al y satellite communication 
systems for intelligent shins. Another possibility will be the 
revitalization of the electric industry and af the communication 
equipment industry. 

Negative impacts will be negligible. From the standpoint of 
technological assessment, we feel it is Important to stress and 
ensure the safety factor. 


1. Outline of Technology and Products 


Designed to meet needs arising from the recent off-shore 
development of ports, harbors, and ocean, and future submarine- 
resource , an aqua robot has the capability to work 
int , ean. It will become a technology which wil! 
be essential to the 21st century’s ocean development. 
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2. Lang-Range Prediction for Practical Utilization 


If the practical utilization stage were to be assigned a numeric 
value of 100, then the current juncture in the R&D stage would he 
assigned a numeric value of 30. The United States, substantially 
ahead of Japan, wil! be the first to achieve practical utilization 
of this technology, followed by Europe, which also 1s more advanced 
technologically than Japan in this field. 

Key technologies requiring breakthroughs will be thase desianed to 
remove such obstacles as underwater plants, for example, and to 
develop remote contro! technology, underwater walkina, and 
underwater-nower sources. Important support technologies wil 
include underwater hot-wire communication, underwater measurement 
Systems, and virtual reality systems. 


As for obstacles to the practical implementation of the aqua robot, 
social constraints may tend to work against Institutionalized 
financial suppor while economic constraints, per se, include the 
need to promo sts 


resent conditions and to reduce co 
eds will] grow substantially. 

In order to solve these problems, government support in achieving 
practical utilization of the technology or government orders for 
purchase of aqua robots wi]! be essential. 
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2. Impacts on Industrial Economy 


It 1s wd a that the scale of the aqua robot market will reach 
ring the initial period of its onractical 
4 14 ek ioe Seana. 


-_— = —— 


Positive impacts created by the aqua robotic technology on the 
industrial economy will] be the establishment of an electric 
machinery industry which will manufacture tele-eristence equipment , 
underwater communication equipment, and underwater measurement 


Instruments, and also the revitalization of the roboti 
which manufactures aqua robots. The ocean resources ind 
construction and materials industries, alsa, will] henef 


We can think of no negative 1 
Industrial economy. From the sta 
assessment, we must ensure that ocean 
disturb environmental harmony. In order to achieve this, 
developments likely to follow commercialization of aqua robots must 


be avoided. 


e 7 
Massive Transport Passenger Planes 


1. Outline af Technalagy and Products 

A large-scale transport jet with the ca yacifty ta transnort fram LOA 
to 1000 passengers has the potential of becoming the major form of 
Internationa! transportation machinery in the 21st century, which 
1S being characterized as ‘the age of massive movement. " 

2. Long-Range Prediction for Practical Utilization 

If the practical utilization stage were to be assigned a numeric 
value of 100, then the present juncture in the R&D stage would be 
assigned a numeric value of 10, which means that practical! 
utilization will be realized at sometime around the year 2010 


Comparison of advanced nations’ R&D efforts in the field of massive 
passenger transport planes at this point indicates that the United 
States has the most advanced technology and that Europe, also, is 
ahead of Japan in this field. 


Key technologies requiring breakthroughs wil] he high output 

engines and light-weight airframe materials technologies. The main 
Support technologies will include those of safe navigation systems, 

as well as search systems to he used in the event of disasters. 


— — —: 


Obstacles to the practical implementation of this technology, In 
terms of social constraints, will he the difficulties faced by 
companies single-handedly undertaking R&D dbase, which fact 
points to the need for internatianal cooperatian and for 
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governmental aid in the form of financial support. Anticipated 
ecanomic canstraints point to the need for substantial R8&O funding 
and to the importance of an international cooperative setup in R&D 
projects and in securing of research personnel. 


In order to salve these nroblems, a strong national will, 
determined to pursue R&D In the international coonerative setup, 
will be essential. 

3. Impacts on Industrial Economy 


It is estimated that the scale of the massive transport passenger 
plane market will reach the 500 bilition-yen level by the time 
practical uti1]1zat1ion begins in the year 2010. 


As positive immpacts an the industrial economy we suggest the 


revitalization of the aircraft industry manufacturing massive 
transport passenger planes, the aircraft-related equipment material 
Industry, and construction industry which will be involved in the 
construction of airports. 


ee Impacts will be felt by some seaments of the existing 
high-speed railway system or the railway companies involved in 
future operation of high-tech trains currently under development 


From the standpoint of technological assessment, safety of the 
massive transport planes, as well as effects of the noise produced 
by their large output engines must be considered 


HST (Hypersonic Transport) 


1. Outline of Technology and Products 


The hypersonic transport, which can fly at ultrasonic speeds of 
above 4 - 6 mach, covers the distance between Tokyo and Los Angeles 
within from two to three hours and has the capacity ranging from 
200 toa 300 passengers. This new plane has the potential of 
becoming the major form transportation of the 21st century. 


2. Long-range Prediction for Practical Utilization 


If the practical uti1]1zation stage were to be assigned a numeric 
value of 100, then the present juncture in the R&D stage would be 
assigned A numeric value of 19, which means that practical) 
utilization of the HST would be realized at some time around the 
year 2020. 

Comparison of advanced industrial nations’ R&D efforts at this 
point indicates that the U.S.'’s technolagy in this f1 

has reached the most advanced stage, followed by those of Eurape 
and Japan. 
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key technologie requiring breakthroughs will include new-type 


= -- ‘ = 4 


engines, heat-resistant matervals, development of light-weight 
airframe materials and resolution of the sonic boom problems. 
Obstacles to the practical utilization of HST from the social 
Standpoint will he the lack ot any national oarqanizational setup 
for pursuing research, the tact that an international cooperative 
setup has et ot be estaniished, and the fact that 1t 1s not 
nassible for HST tft itilize existing airport constructions. 
Feanamic constraints (although there will be a sufficient number 
Of potential users) will cansist of (1) poor prospects of 
establishing ‘ow ftares and (2) the need for huge R&D funds. 

In order toa salve these problems, a strong national will to develop 
and to omplement HST will he necessary. 


Impacts an Industrial Ecanomy 


Tt 1s estimated that the scale of the HST market will reach the 500 
billian-yen level at the time practical uti]1zation is achieved. 
Positive impacts created by HST on the industrial economy will be 


the revitalization of the partian of the aircraft industry which 
1 
1 


will manufacture the HST and of the canstruction industry which 
will be engaged in airport canstructioan. Secondary effects will 


T 
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be felt ommunication 
Industries. There hardly will be any negative impacts to speak of. 
From the standpoint ot technological assessment, noise factors and 


by the materials and the electronic ¢ 


the destruction of the ozone layers can be mentioned. Moreover, 
it JS expected that the need for a giant airport will lead to 
construction of QA Marine airport in Janan. 


Small Vertical Take-Off and Landing Propeller Aircraft 


1 . Ot ] i fye YF Tec nnaloagy and Praducts 


A small VTOL aircraft equipped with propeller or duct fan, 
featuring either the TILT WING (a method whereby a wing attached 
to the propeller rotates horizontally and vertically) or the TILT 
ROTER(CA method whereby a wing installed on a propeller rotates 


horizontally and vertically). It can accammodate anywhere between 
aA few to as many as 12? or 12 crew members. 


Since the aircraft employs vertical takeoff and landing methods, 
asmall empty ‘ot 19 an urban area can be used for the purpose of 
take-off and landing. Tr has the potential of becoming the 21st 
century’s major Form of inter-city business” transportation, 
especially in Japan lying on a narrow strip of land 








2. =Lang-range Prediction for Practical Utilization 


If the practical utilization were to be assigned a numeric value 
Of 100 the present juncture in the R&D stage would be assigned 
numeric value of 20, which means that practical utilization would 
he realized at some tome around tne year 2000. 


Comparison of advanced industrial nations’ R& 
QInt indicates that the United States 1 
Ollowed Dy Europe. 


\ requiring breakthroughs will be the development 
of TILT mechanisms, reduction in engine noise, and development of 
a lighter-weight airframe. 

Obstacles to the practical utilization of the aircraft, from the standpoint 

ot social constraints, exist in the areas of augmentations of airport 
facilities for the handling of light planes, securing government aid for 
technological development/production, and in public measures for noise 
control. Economic constraints will be the deterrents against constructing 


as 


well--coordinated infrastructures and the training of pilots. 


{p) 
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mpacts on Industrial Economy 


Tt 1s expected that the scale of the small-VTOL-propeller-plane 
market will reach the 10 billion-yen level in the initial period 
of the practical implementation stage, which will be around the 
year 2000, and wi!1 reach the 50 billion-yen level during the year 
POW 

Positive impacts created by the small VTOL propeller plane wil] be 
the revitalization of the aircraft industry and of the transport 
business Secondary effects wil] enliven the construction business 
and tne pilot-training businesses. 


Negative impacts may be felt by the helicopter manufacturers. 


From the standpoint of technological assessment, the importance of 
successful anti-no1se measures for cities and of the safety factor 
must be emphasized 

Small Vertical Take-Off and Landing Business Jet Plane 

1. Outline of Technology and Products 

This 1S a small vertical take-off-and-landing jet plane, whose 
vertical-ascendance and horizontal-propulsion fans, assembled into 
norivzontal wings are operated by a jet engine. Its passenger 
Capacity ranges from a few to thirteen people. 
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Although its vertical-landing-and-take-off capabilities allow the 
use of even a small city lot for this purpose, because of the noise 
factor created by the jet engine, it wil! be necessary to construct 
aN airport in a Suburban lot. 

2. Long-Range Prediction for Practical Utilization 

If the practical utilization stage were to be assigned a numeric 
value of 100, the current ture in the R&D stage would be 
assigned a numeric value of 10, which means that practical 
uti ]l1i1zation would be realized at some time around the year 2000. 


Comparison of advanced industrial nations’ R&D effarts at this 
point indicates that the United States is ahead in this field, 
followed by Europe. 


Key technologies requiring breakthroughs will be hovercraft 
technology and the development of a small light-weight engine. 

Opstacles to the practical utilization of the small VTOL business 
jet, from the standpoint of social constraints, will be in the area 
of augmentation of a cooperative setup for public and private 
sectors, joint international developments, automation of commuter 


airport facilities, and af naise-contro! measures. Ecanomic 
constraints will include deterrents to securing an international 
market and to the development of low-oriced planes. 


Tn order to solve these problems, a government support system 
designed ta augment nd caordinate the infrastructure and an 
organizational setup for securing international cooperation must 
be in place. 


I Impacts on Industrial Ecanomy 

It 1S estimated that the scale of the smal! VTOL business jet 
market will reach the 30 billian-yen level in the year 2000, the 
initial period of the practical utilization stage, and the 100 
billion-yen level during the year 20910. Its positive impacts an 
the industrial ecanomy wil) include the farmatiaon of new 


industries, such as the part of the aircraft industry which 
manufactures the small VTOL business jet planes, the aircraft 
rental/lease business and the aircraft maintenance Dusinesses; and 
at the same time we wi!! see the revitalization of the canventional 


aircraft industry and construction business. 


Negative impacts may be seen partially in the helicopter industry. 


From the technological assessment standpoint, it will be important 
t e both noise cantroal and safety measures 1n nlace. 











Underground Facility for Weightlessness Experiment 
1. Outline of Technology and Products 


By allowing a capsule to free-fall, using its weightlessness state while 
falling, various types of experiments can be conducted at a weightlessness- 
experiment underground facility. In order to obtain valid weightlessness 
time, it will be necessary to have an underground shaft with a depth of more 
than 500 meters. The capsule which falls inside a shaft will be controlled 
by a linear motor. 


Included in these experiments are the inspection of equipment to be used in 
space, observations of the physical phenomena, and experiments in the 
dissolution and coagulation of materials. The experimental facility 
constructed with the assumption that it will be used in space serves an 
important function as a preparatory experimental facility for a production 
setup. 


2. Long-Range Prediction for Practical Utilization 


If the practical utilization stage were to be assigned a numeric value of 
100, then the present juncture of the R&D stage would be assigned a numeric 
value of 50, which means that practical utilization of the underground 
weightlessness experiment facility will be realized at sometime around the 
year 2005. 


Comparison of advanced industrial nations' R&D efforts at this point 
indicates that if Japanese efforts in this field were to merit 100 points, 
then both the United States and Europe would merit a score of 50. It 
appears, therefore, that Japan is well ahead of the other two. 


Key technologies requiring breakthroughs will include a technology designed 
for the vertical use of the superconductive linear motor, a linear motor 
control technology, and a shaft environment control technology. 


Obstacles to the practical utilization of the underground facility for 
weightlessness experiments, from the standpoint of social system will be 
the lack of clarity in the application of laws when deserted mini.ig shafts 
are to be used as experimental sites and, from the standpoint of government 
policy, the weakness evidenced in organizational setup established to further 
space development. Construction of experimental facilities currently in 
progress at Kamisunagawa in Hokkaido and at Toki-shi in Gifu-keen indicates 
that these problems are gradually being overcome. 


Economic constraints include the small amount of private investments in R&D, 
attributable to the small scale of the market. In order to solve this 
problem, it will be necessary to obtain a national consensus concerning use 
of space, to establish an organizational setup for space development, and to 
clarify the purpose of using the available underground facilities to conduct 
weivhtlessness experiments. 
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3. Impacts on Industrial Economy 


It is estimated that the scale of the market for the weightlessness 
experiment underground facility will reach approximately the 10 tillion-yen 
level, which is not as large as it should be. The construction of such an 
experimental tacility will have positive impacts on the construction 
industry, the superconductive material-related industry, and the linear 
motor-related industry. We can think of no specific industry which will be 
adversely affected. 

Use ot such a tacility will produce rapid progress in various types of R&D, 
thus positively, if indirectly, impacting the facility. Industries which 
will be the beneticiaries are the metallic materials manufacturing industry, 
the bio-related industry, other types of materials industries, and the 
electronic equipment industry. 


From the standpoint of technological assessment, effects of the facility on 
the quality ot underground water must be brought to our attention. 


Lunar Research Base 

1. Outline of Technalogy and Products 

1fic exploratory 
it an the moon, 


n 
rs made of the 
e 1S maintained 


The lunar research base, aimed at scien 
experiments and observation and resource develo 
is structured mainly with spheres and c 
Juminum group alloy. The internal part of the 


a 


at 1 barometric pressure, and all foodstuff and materials are being 
transported from the earth. As for gas and water, only if the need 
for them cannot be satisfied by facility will supplies be 
transported from Earth. 


4t the lunar base, exploration of the moon’s surface wll be 
canducted by the revalving moon observation equipment and the 
unmanned lunar vehicle. Preparation for the construction of the 
pase wii! be performed by robots, subsequent to which, after a 
brief period of human occupancy, the construction of the lunar base 
with numan occupancy on a regular basis, wil] be completed. 


2. Long-Range Prediction for Practical Utilization 

If the practical uti]l1zation stage were to be assigned a numeric 
value of 1090, the present juncture in the R&D stage would be 
assigned the numeric value of 25, which means that the practical 
utilization of the lunar research base would be realized in the 


Ve IN, 
year <4), 


Comnarisan of advanced industrial nations’ R20 effarts at this 
oO 


poirnt indicates that 1f Japan would merit a score of 100 points, 
then the United States would score 200 points and Europe 100 
points. Japan is lagging substantially behind the United States 


in this tield. 
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Key technologies requiring breakthroughs are as follows: since the 
moon’s surface 1s a super vacuum, with its gravity measuring anly 
one-sixth that of the earth gravity and with temperatures ranging 
from -170°%c to 12 and since it 3S an environment showered by 
cosmic rays, it 1 
offer excellent casmic-ray-shieiding capability, excellent 
adiabatic characteristics, and quick response to temperature 
changes. The lunar research base 3s alsa suited fer the 
development of unmanned devices (such as advanced can 

robot), and rockets/space planes (as an efficient 7 
transport). The following technologies, in addition, need to he 
developed: (1) those for the maintenance of the lunar base 
enviranment, (2) automated electric power and thermal cantro 
technnalogies, and (3) efficient communication technology hetween 


—““— >) 


the earth and the maon. 


1s sulted for the development af materials which 


As for obstacles to the practical utilizatian of the lunar research 

hase, sacial constraints will be encountered in the areas of 

Internationa! agreement concerning the development of the moon and 
n 


e industry’s effort to establish a national 
organizational setup to pursue the lunar development after the 
national consensus has been formed on the subject. 


policy-wise, t 


In order to solve these problems, an international agreement on the 
purpose of lunar development and the awareness and determinatian 
on the part of people to pursue the development 


3. Impact on the Industrial Ecanomy 

It 1S expected that the scale of the market for the canstructian 
of the lunar research base wi!1l reach approximately the 4 tril lian- 
yen level (500 billion yen annually). The number of related 
Industries’ research laboratories, as a cansequence, will be 
Increased to approximately 100. 

Positive impacts created on the industrial economy by the lunar 
research base construction will be the revitalization of the 
materials industry which produces the structural! materials for the 
base, of the operational machinery industry which manufactures the 
construction work robots, and of the air-conditioning-related 
industry which will control the base’s environment and which 
manufactures water processing equipment 


Moreover, the technologies which will be developed on the moon will otter 
(1) application possibilities to the nuclear power industry which requires 
a shielding material for the nuclear power, (2) use in the global environ- 
mental problem-related industry as the CO? fixing technology, (3) use in 
various types of work robots designed to perform under extremely severe 
working conditions, and (4) offering a wide variety of use in broad areas 
of industrial fields. 


215 








No industry will be negatively impacted. 


From the standpoint of technological assessment, effects of materials which 
are showered by a large quantity of cosmic rays must be examined. 


Linear Motor Catapult 
1. Outline of Technology and Products 


This 1S an economical and safe space 
Superconductive linear motor installed in its oarbit. 


The system 
1¢ designed to catapult a shuttle into space by accelerating the 
Carriage (on which the shuttle is placed) using a linear motor, 
thereby providing the initial speed and height required for a 


shuttle take-off into space. 


The space shuttle, accelerated to the 
1,600-meter-high take-off point W) 
carriage and catapulted into spac 

used in rocket take-offs. Use o y 
launching will result in a fuel saving of approximately 300 t. 


2. Long-Range Prediction for Practical Utilizatian 

If the practical utilization stage were to be ass'aqned a numeric 
value of 100, then the present juncture in tne R&D stage would he 
assigned a numeric value of 30, which means that it wii] be around 
the year 2010 when practical utilizatian of this technology will 


be realized. 


Comparison of advanced industrial nations’ R&D efforts at this 
point indicates that if Japanese efforts were score 100 points, the 
United States would score 80 points and Europe OQ. Japan, 
therefore, appears to be ahead of the rest of the world. 


Key technological developments requiring breakthroughs wil! include 
(1) a large superconductive linear motor technology, (2) a large- 
scale solar power system to serve as its power source, (2) power 
storage systems, and (4) construction technology and light-weight, 
strong materials required to build large-scale structures. 

Obstacles ta the practical utilization of the linear motor 
catapult, from the standpoint of social! constraints, will be the 
general public’s lack of interest in the subject of space 
development and the fact that no organizational setup for advancing 
the cause exists at the present time. Element technologies 


especially required in the construction of this facility are 
currently under development in R&D projects aimed at use for other 
purposes. For this reason, it will be necessary to establish an 
organizational setup designed to further R&D projyects on system 
technolagy alang with the development or element technologies. 








Economic constraints will deter the industry’s effort to realize 
Tow launching costs, lower than those of existing space craft 
launcher, including constructian casts 


In order toa solve these proplems, 1t wil] be necessary to grips 
with the problem of space develapment viewed as a national 
undertaking. It will be especially important to clearly present 
the goals of space develonment and the me of achieving them, and 


w 
Ss iM ct 


to establish the co 


- uttie and the basic 
specifications involved, ~ 
1 


- 

t > a C 

fter which the basic snecificatians of 
Ss a launching facilit hould be decided 


-' 


a 
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upon, It 31S essential th arch and development efforts be 
- 


at rese ent e 
Integrated into a space development project. 
3: Impacts on Industrial Ecanomy 
Tt 1s expected that the linear motor catapult market wil! reach 
approximately tne 100 billian-yen level, and accompanying this 
development wil] be an increase in the number of related companies 
to 50. 


Positive impacts which the linear motor catapult will have on the 
Industrial ecanomy possibly will be revitalization of the heavy 
electric industry which will manufacture the linear motors, the 
materials industry which wil] develop and manufacture light-weight 
and tough materials, the electric and electronic equipment industry 
which wil) produce solar batteries, and, finally, the construct) 
Industry. 


on 


We can think of no industry which will be negatively impacted. 


From the standpoint of negative assessment, effects of noise and 
magnetic fields an living things must be considered 


Super High-rise Building 


1. Outline of Technology and Products 

This i$ a high-rise construction, with height ranging from 500 
meters to 4,000 meters and with total area ranging from 35 ha to 
7,000 ha; it can be used either as a residence or an office 
building, accommodating from 20,000 to 70,000 people. A high-rise 
building with such a large number of occupants already can be 
considered, in a sense, a city, and, as such, 1t has tne need for 
functions similar to ai canventiana city’s. Part of its 


infrastructure will be facilities for energy supply, high- and 
intermediate-grade water supply, waste water treatment, garbage 
service, and Infarmatian and communicatian processing. 
Requirements of mast of these facilities will be that they should 
be autanomous and should work efficiently. 








2. Lang-Range Predictian for Practical Utilizatian 


If the practical utilization stage of a 500-meter-hign ¢ Wing 
(100 stories) were ta be assigned a numeric value oF 10 then the 
present jguncture im the R&D stage would be assigned 4 numer alye 
of 80, which means that 1t would be around the vear oO when it 
would be put to practical use. With respect to a 4,900-meter high 
hutlding (800 stories), 1f Its practical utilization stage were to 
be assigned a numeric value of 100, then the numer alue of 20 
would be assigned to the present juncture in the R&D stage, whicn 
means that 1t would be at sometime around 2050 when 1% cc 1 pe put 


al use. 


Comparison of advanced industrial nations’ R&D efforts at this 
point indicates that 1f Japanese efforts in tnis field were to be 
Jiven a score af 100 points, the United States also would be aiver 
100 points and Europe 80 points, showing only a smal jegree of 
aq'’sparit 
Development of key technologies requiring breakthroughs w he 1n 
(1) asersmatic and control structures (herght and scale w | differ 
2 1¢ ) lave ? rT ranr 
depending on structure), (2) materials with high eve ength 
and durability, (3) high-efficiency distributiaon-type tnermal 
energy systems, (4) a water system with a step recycling-device 
aimed at achieving savings 1m water resources, (5) waste-transport 
and waste-management systems, (6) a new heavy-load-!>fting system 
with a main road laid inside the building, and (7 disaster- 
prevention systems. 
Obstacles to practical utilization of the super high-rise bur!ldings 
from the standpoint of social constraints will he the problem of 
harmony, v1z., whether they would blend in with the e-«rsting urban 
Space and facilities Viewed from the standpoint of the already 
existing city, a high-energy density and traft distributiyan 
density spots will emerge as a result. These effect therefore 
must be aiven adequate consideratian. Economic constraints include 
the possibility of competition arising between the new and existing 
high-rise buildings 
In order to solve these problems, it 1s essent)a: that a supe: 
nign-rise building be incorporated into city planning as a kind of 
three-dimensional city within a city. Moreover rder ft 
improve its business opportunities, development Foa module 


i 


canstruction method and system wil! be necessary 


2. Impacts on Industrial Economy 

It requires an expenditure of approvimately 400 billion yen and a 
five years’ time to construct a 500 meter-nigh super high-rise 
building (1900 stories high) offering a total floor space fF 25 ha. 
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# such a building were to be burit an the \e-Ww ery yea 











kind aft canstructian schedule. tr ectimatred that ar aa 


the market wi]! reach approximate rine - ear 
The number of related industria researct if yr or : as a 
result, will increase to 1 mn fyna those f yenera? 
construction companies, equipment ang macnine nanufacturers, as 
well as those of materia! manufactur: 

Positive impacts directly created by the -- n-y 13ng 
on the industrial economy will be the vrs ta ahian af the 
existing construction industry, the metal! mater 2 lust the 
equipment and machinery industry, and tne elect: ind electranic 
equipment mNgQustry; and. also. Indirect . ‘ , .f , oF 
a2 wide variety of Industries ranging t y 
manufacturers. 

The existing commercial office areas wrt) ne negative mpacted. 
From the technological assessment stanad mar Frects of dry 
weather, wind, and radio-wave disturnpance mS Ss logical 
effects on bullding users are factors jered 


Super Air Dome 


1. Outline af Technolagy and Prod t 


The air dome is a construction wit fF Ff) 1m- 
type material; in ther word ¢ film 
architecture 31m which internal pressur: ! fat high level 
by external atmospher) pressure The T Base ba Stadium 
1S a typical example of this type of at rh ner air 
dome’ would be a building containing + rong 
the entire region stretching as long as ! 43 ‘arge ef gh to 
accommodate 30 Tokyo Domes inside . 

For instance, if a sea surface of 1 rn m we ered by 
an air film of 130 meters, and if 2 " + < and) 
shore are brought into the center F othe ! ' te! Nth 
various leisure facilities arranged around m t an ope 
used as an all-weather-type resort in 4) fF thIs 
type of resort can be considered in a dese: ) 4 regian 


of nigh rainfall, thus if ferines the ' , ' 2 NO 
environment quite different from those e. 


2. Long-Range Prediction for Practica 


If the practical utilization stage were t © assy f a numeri 
value of 100, then the present junct ld be 
assigned a numeric value of 59, which means tha 1 he around 
the year 2020 when practical utilization of -- r air dome wil! 
be realized. However, a super arr dome re ' f na, 
approximately several times the a nNasebal! 


stadium, may %e put to practica 2 ar 








Comparison of advanced industrval nations’ R&D efforts at this 
point indicates that if Japan’s achievements in this Field were to 
be given a score of 100 points, the United States would merit a 
score of 130 and Eurane one of approximately &0Q. 

Key technologies requirina preak throughs will he those desianed toa 
develop (1) Jloght-werght but extremely strong cables and film 
materials, >) metnods at camprehending and forecasting ariwous 
types of external environments, (3) massive pressurized blast 
technology, and (4) environmental design technology suitable for 
a wide arjet Ft regians 

Obstacles to practical utilization from the standpoint of soca! 
constraints wil! be the difficulty encountered by one seaqment of 
the private sector pursuing tris kind of develapment on its own 
Inasmuch as the more extensive the space, the larger the regional 
development elements and the more urgent the needs wil] become far 
mNfrastructural accuracy ft pleasure space 4s far ecanom 
cCanstraints recognit mon at the need to pa the costs + nleasi rea 


Factors which wil! be necessary in order to solve these problems, 

will include the strong wil] of the industry to develan the super 

air dome, gambling, im a sense, on future changes tn the general 

public’s perception of leisure and on increased use of lersure 
a 


ers 
as well as government cooperation in the enternorise. 


3. Impacts on Industrial Economy 


) 


It 3s expected that the scale of the super air dome market around 


the year 2005 w! reach the 100 pbillion-yen leve Accompanying 


this market wil! be an increase in the number of the related 


{ 
. 
{ 
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industrial research laboratories to the level of 30. 


Positive impacts created by the super arr dome in the industrial 
economy wt 1] he the revitalization of canstructian Industry, the 
material tindustr y which wil) praduce cables and f1 Ims, the electr) 
machinery industry, and including large forced blast equipment 
manufacturers, the leisure industry which wi!l use the suner air 
domes, and the real estate industry 


Canventiranal types oF leisure rNdustry and tne real-estate 
Industries may be negatively impacted. 

From the standpoint Ff techno lag 1cal assessment. effects or this 
proposed huge artot rc yval facility an the water systems and = es 
Yposec Ige ¢ a L | e LME ate systems | : 
temperatures of surrounding environments outside the dame should 


be considered. 








Demolition Technology for Super High-Rise Building 

1. Outline of Technology and Products 

The demolition technology, when applied to the monolithic construction, is a 
technology designed to demolish a building, safely, with the use of 
explosion; and, when applied to the prefab construction, it is an automated 


disassembling technology with use of robots. 


Demand for demolition of high-rise buildings is generated by aging building 
functions or when use of an area is altered by redevelopment. 


Long-Range Prediction for Practical Utilization 


If the practical utilization stage were to be assigned a numeric 

value of 100, then the present juncture in the R&D stage would be 

assigned the numeric value of 19, Tht mean practica! 
on 


t 
uti1}li1zation of the super Figh-rise dem logy will be 
th 


achieved by the year 2010. 


Comparison of advanced industrial nations’ R&D efforts at this 


point indicates that if Japan’s achievements would merit a score 
of 100 points, then the United States’ score would be 150 points 
and Europe’s approximately 80. The United States, therefore, is 


ahead of the rest of the world. 
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overnment will act as a driving force in 
f developing an adequate method for treatm 
aste and of securing dumping sites. 
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Economic constraints will affect the industry’s effort to deal with 
the question of now the demolition costs can be incorporated into 
land-use plans following demolition. 

In order to solve these problems, it w111 be necessary to elucidate 
the concept of the use of urban space in a way which will be more 
nN tune with changing city functions; 1t also will be necessary to 
allow the demolition demands to come to the surface. In discussing 
one of the effective methods for dealing with developments and 


changes taking place in cities, 1% IS ImMportant to have an 
understanding of the regional redevelopment method and to secure 
financial assistance from nationa! or local government. 
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3. Impacts on Industrial Economy 


[t is expected that the scale of the super high-rise building demolition 

market will reach approximately the 10 billion level, although much will 

depend upon the extent of demand for regional redevelopment. Along with 

this factor will be an increase in the number of related company research 
laboratories to 20. 


Positive impacts created by super high-rise bhurlding demolition 
will be the new formation of the high-rise building demolition 
industry and the revitalization of the explosive devices industry, 
the resources recycle industry, the portion of the canstructian 
machinery industry which manufactures disassembling robot, and the 
narticular portion af the chemical industry which wil) develop a 
concrete degradation solvent. 


The conventional constructian materials industry and tne design 
consultant industry will be impacted negatively as demands for 
cuper high-rise bulldings, canstructed with demolition in mind, 
Increases, Also on the rise will be needs for materials and 


designs which will be geared to demolition and devices employed in 
accomplishing demolitian. 


From the Standpornt oft trechnologica ] assessment, disaster 
prevention measures designed for protection of residents 1n 


surrounding areas and the securing ot waste-treatment sites will 
be the factors requiring consideration. 


Underground Distribution Network 
1. Outline of Technology and Products 


A distribution system, aimed at easing traffic cangestion on large 
cities’ roads and achieving labor savings in the transport 
industry, employs a network of underground tunnels and 1s equinned 
with underground the distributian centers, established for the sole 
purpose of serving the distribution needs of large cities. In 
order ta make this system function efficiently, in the case of 
Tokyo, a tunnel with a total length of from 200 to 400 km and 150 
underground distributian centers will be required. Transporting 
the cantainers an trucks 1S ane oat the shinnin 9 methods under 
consideration. The system wil he cannected to highway 
rnterchanyges, parts, and harhors. 


Long-Range Prediction tar Pract cal Utarilizatian 


Tf the practical utilization stage were to he assianed a numeric 
value of 100, the present juncture in the R&D stage would be 
assigned a numeric value of 60, which means that it would he around 
the year 2010 when the practical utilization of the underground 


Jisctrihiutiran network woulda he realicredq 














Comparasan at advanced mndustrival natrians’ RED eaffarts at this 





pornt mdrecates that if Japan were to be given a score Of 1OO 
points for its achirevements mm the field, then the United States 






would merit a score of #O pornts and Eurape, also, 80 points. 
lapan, therefore, 1s elightly ahead of the rest of the world. 












Key technologres requiring breakthroughs will iwnelude (1) an 










unmanned freight carrier technology (linear-motar driven), (2) an 
automatic unloading and sarting technology, +«©3) a centralized 
technology for total navigational management, (4) a high-speed and 
massive volume distriubutiran information Management and 
communication technology, (8) an underground disaster preventian 
and maintenance management technolagy , ang (6) structural 





technolagy designed far great depth and larqe-scale underground 


Space 












Obstacles to practical implementation from the standpoint of soe 1al 





constraints woulda he the problem af deep underground land 





ownership, a consensus view of the present ctate of the transnort 





Industry, and restrietirans Imposed on coanstructiran sites for 





distributian centers by the presence aft existing buildings ' 





hasement floors. 

















As for ecanomic canstraints, berause oat hagn ecasts of total 






constructyen and the Tength of time required for canstructian 
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initial investment, of necessity, will be large. 











In order to solve these problems, it will be essential to make the 
underground distribution network as the basic sacial facility, a 
Clear-cut statement of its place in the framework of future city 
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planning, and to pursue this aim as a specific plan under the 
strong leadership of the national government providing investment 
figures and detailed examination of direct and indirect effects. 



















Technological problems will be salved by intensive research 
Investments. It will be necessary to clarity the problem of 
underground land ownership rights as soon as possible as this fact 
will greatly affect the extent of investments. 


cm Impacts an Industr ial Ec onomy 


It 1S expected that The scale of the underground distributian 
network market wil] reach the § trillian-yen level Capprox~imately 
500 billien yen for the year) for the entire business (land casts 
not included). Ac ompanyrna this will be an increase in the number 
Of related company research laboratories toa a, 


Positive impacts created hy the underground distributrans network 
on the industrial economy will owne tude the revitalization of (1) 
the constructian industry which canstructs underground facilities, 
(2) the wheel manufacturing industry which manufacture linear 





r cars, { 2) Tne parts industry which manufactures Trace Ng 
coils, and (4) tne electric and electronic industry. 
The automobile (truck) manufacturing industry wil) be negatively 
Impacted. 


From the technological assessment viewpoint, easing of traff 
. 


ongestion, reduction in nitrogen oxide exhaust gas fumes 
resolutian af lahor Shartage problems mn the snippryrng ang 
distribution industry, and ease with the maintenance of the 24-hour 


distribution setup need to be considered. 
Deep Underground Ra Iway and Road Facility 
1. Outline af Tecnnolagy and Products 


The underground railways and roads wil! be con 


tructed in tne great 
depth of the underground lying heneath the metro 


politan area. 
7 


Because of the construction zone’s areat depth, existing facilities 
above ground will not be affected. The deep underground railway 
will be planned as a newly-built lines and a four-track line of the 


eristing lines, and tne function of “business building” most likely 
wil! be added to large-scale terminal underground stations with a 
multi-layered underground mall. The underaround road probably wi)! 
be planned as a route to supplement existing metropolitan highway 


2. Long-Range Prediction for Practical Utilizatian 

If the practical utilization stage were to be assigned a numer 
value of 100, then the present juncture in R&D would be assigned 
a numeric value of 80, which means that practical uti)>ozation of 
the deep underground railway and road facility would he realized 


nN the year 2005 


Compar wan Of advanced industrial natians’ RZD ef Fort at this noint 


indicates that if Japan’s accomplishments were to be given the 
score of 100 points, then the seores of both the United States and 
Europe would he 70 points, gryving us the impression that Japan i¢ 


slightly ahead of those two, 


Key technologies requiring breakthroughs wit be those for 
construction of a ttinnel with great depth and distance, ar 
Intensive ex-naust gas processing technology, an intensive waste 
neat utilization technology, a linear motor rail technology, and 
an integrated disaster prevention technology for the underground 
As obstacles t practical utilizatian from the standnoint of soca 
constraints wi!!l pe tne huge sum of money required (1) ta nr: ide 
PS > tne huge sv 2 | : 1. 
the deep underaoround railways and roads with an identity 42 4 
social foundation to be maintained in urpan areas, (2 t 


Strengthen AO. ernment "¢ support to csycatamc cat "it + ¢ fiir ther 
~~ = —_ = = = ns ~ ae” " - 





efforts in this field, (3) to resolve property rights to deep 
underground space, and (4) to maintain the main lines. As for 
economic canstraints, since we feel that there wil! pe a sufficient 
number of potential users, the same rates as those established for 
existing lines should be charged. 


In order to salve these problems, 1t w11] be necessary to limit 
private property rights (parcelled land rights) insofar as deep 
underground space marked as a public facility 1s concerned so that 
costs involved 1n use of underground sites can be kent low. 
Moreover, 1t 1S -Important for the country to establish a clearcut 
policy cancerning public investment in enterprises which augment 
social capital funds. 


a. Impacts on Industrial Ecanamy 


It 1S expected that the scale of the market for the deep 
underground railway and roads facility will reach the 230-billian- 
yen level a year. Accompanying this will be an increase 31n the 
number of related company research laboratories to 1 


Positive impacts of the deep underground railway and road facility 
will be directly felt by (1) the construction industry which builds 
underground facilities, (2) the electric and machinery industry 
which manufactures the related equipment and machinery, and (3) the 
material industry (metals, cement and other materials). The 
construction of railways and roads wi!1l induce new regianal 
development and urban redevelopment. 


Negative impacts will be felt by existing shopping malls. 


From the technological assessment standpoint, disaster prevention 
and safety factors, ventilation systems for exhaust gas, changes 
in the underground water systems, and removal of massive surplus 
soi] are the areas which require attention. 


Underground Heat Reserve System 


1. Outline of Technology and Products 


The total amount of exhaust heat generated tn an entire city, 
involving use af energy saving technology which effectively employs 
hot exhaust heat generated within a city, factory exhaust heat, 
Subway exhaust heat, and building exhaust heat, 1s huge; however, 
its thermal density 1s low. An underground heat reserve system 1s 
designed to store heat bit by bit and to supply it when demand 
arises. This heat reserve system utilizes the deep underground 
space. 
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2. Long-Range Prediction for Practical Utilization 


If the practical utilization stage were to be assigned a numeric 
value of 100, the present juncture of R&D in the underground heat 
reserve system would be assigned a numeric value of 5, which means 
that 1t would be around the year 29020 when practical utilization 
will be realized. 


Comparison of advanced industrial nations’ R&D efforts at this 
point indicates that at present neither the United States nor 


Furope 1s pursuing R&D in this field. 


Key technologies requiring breakthroughs will include a heat 
recovery technology for low density heat exhaust; a heat-pump 
thermal exchange technology for deep underground soil foundations; 
an explanation af the compound actian of the soil foundatian’s 
underground water asmosis, temperature, and pressure; and a deep 
underground-soil composition survey technolagy. 


Obstacles to practical implementation requiring attention from the 
standpoint af social constraints would be the part which will be 
played by the preservation of a city environment in building a 
city’s “heat island” and obtaining consensus of city residents oan 
the need for energy saving. 


As for economic constraints, it wil! be ne sary to establish 
competitive utility rates, after comparing the heat-reserve system 
with other systems of energy use, not only from the viewpoint of 
what beneficiaries must pay in order to caver the cast but also 
from the viewpoints of preservation of the environment and of 
energy saving, as well. 


> 


To solve these problems, the country must have ae strong 
determination to implement effective use of unused energy (from the 
viewpoints of city environmental preservation and energy saving) 
by means of a soil foundation-based heat reserve system. required. 


ce Impacts on Industrial Economy 

It 1s expected that the market scale of the underground heat 
reserve system will reach the 150 billion-yen level. Accompanying 
this will be an increase in the number of 


related-company research 
laboratories to the level of approximately 30. 

Positive impacts created hy the underground heat reserve system on 
the industrial ecanomy will include the revitalization af the heavy 
machinery industry; the construction industry; and the metallic 
materials industry, used in heat supply pipes and other related 
products. 
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Negative impacts will be felt by the suppliers of conventional types of 
heat. 


From the standpoint of technological assessment, any effects on underground 
water flow and any chafes which may occur in it should be taken into account. 


CO9 Catalytic Fixation Technology 
1. Outline of Technology and Products 


Of the catalytic techniques which convert CO? into fuels and useful chemicals, 
the following methods show the most promise: (1) the catalytic hydrogenation 
method which creates methane, ethanol, and formic acid, mainly by using the 
VIII group metal-bearing solid catalysts; (2) the electrochemical method, 
which obtains reduction of CO? using electric heat of metals (mercury, lead, 
etc.); (3) the photochemical fixation reaction method, which uses ruthenium, 
lead, and other metal colloidal catalysts; and (4) the artificial photo- 
synthetic method designed to imitate natural photosynthesis by using 
porphyrin. 


Serious effort in developing these technologies has not yet begun. Only the 
future can tell us which technology will become a major force. 


2. Long-Range Prediction for Practical Utilization 


If the practical utilization stage were to be assigned a numeric value of 
100, the present juncture in R&D would be assigned a numeric value of 10, 
which means that it would be around the year 2010 when practical utilization 
would be realized. 


Comparison of advanced industrial nations' R&D efforts at this point 
indicates that the levels of achievements of Japan, the United States, and 
Europe in this field are about equal. 


Key technologies requiring breakthroughs will be those used in improving 
catalytic reaction efficiency and achieving high performance, i.e., a longer 
life-span, and an explication of artificial photosythetic-reaction mechanisms. 


An obstacle to practical implementation considered important from the stand- 
point of social constraints will be the necessity to develop usage for 
materials produced by the CO? catalytic fixation technology. As for economic 
constraints, since a huge quantity of catalysts will be required by this 
technology, it is important that every means of achieving low costs should 

be tried. 


To solve these problems, a government-sponsored development project will be 
necessary. Since the themes which must be dealt with cover an extensive 
area, planning for an efficient means of research will be important. 





3. Impacts on Industrial Economy 


It is expected that the scale ot the CO9 catalytic fixation technology 
market will reach the 300 billion-yen level by the year 2010 when practical 
utilization is predicted. 


Positive impacts on the industrial economy will be the formation of a new 
industry which manufactures CO») fixation equipment and a fixed CO) treatment 
industry, as well as the revitalization of the industry which manufactures 
equipment designed to deal with environmental pollution, of the catalyst 
manufacturing industry, and of the waste treatment industry. 


No industry will be negatively impacted by this new technology. 


From the standpoint of technological assessment, the environmental impact of 
the fixed CO? treatment site will offer an important research theme. 


CO? Plant Fixation Technology 
1. Outline of Technology and Products 


This technique immobilizes CO? through the use of the photosynthetic 

capacity of sea or land plants. In the case of sea plants, use of algae 
(brown algae, such as giant kelps and sargassos, and microorganic algae, 

such as the cyanobacteria) in the fixation technique are receiving attention. 
Development of massive cultivation technology using the optic-fiber 
photoconductive system and food and feed technology using algae are currently 
in progress. 


On land, the fixation method, basically, is employed in afforestation; 
especially noteworthy is the high-water-absorption polymer method used in 
turning deserts into green land and in mangrove afforestation. 


2. Long-Range Prediction for Practical Utilization 


If the practical utilization stage were to be assigned a numeric 
value of 100, then a numeric value of 5 would assigned to the 
present juncture in R&D, which means that practical utilization 
will be realized at sometime between the years 2020 and 2050. The 
reason why such a wide margin is allowed for the prediction 1s that 


the technology must go through the following stages: (1) the 
collection of plants which offer a high success rate of 
photosynthesis; and then if this 1s successful! , (2) 
biotechnological R&D which entails conversion of the photosynthes’s 
success rate into genetic recombinant technology. Moreover, at 
the present stage, the research itself has just begun, and we feel 
that there are still too many uncertain elements to be dealt with. 


Comparison of advanced industrial nations’ R&D efforts at this 
point indicates that in this field Japan, the United States, and 
Europe are approximately at the same level. 
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Key technologies requiring breakthrough will be the high-density algae 
cultivation technology and a technology designed to promote the growth of 
forests. 


Obstacles to practical utilization in terms of social constraints will be in 
the area of international cooperation requiring the understanding of 
developing nations. Economic constraints will be in the area of government 
support, which is crucial to utilization. 


In order to solve these problems, a government-led project will be essential, 
and the fact that international cooperation, including that of developing 
countries, especially is important in promoting this kind of project. 


3. Impacts on Industrial Economy 


Since it is difficult to predict how the CO) plant fixation technology 
market will develop, we are not able to write a market creation scenario; 
hence the difficulty of predicting the market scale. 


Positive impacts of the CO? plant fixation technology would be the formation 
of a new food and feed industry and revitalization of the green industry, the 
food industry, and the feed industry. 


It will not be likely that any industry will be negatively impacted. 


From the standpoint of technological assessment, it is important to bear in 
mind the effects of the uncontrolled growth of seaweed will have on the 
marine product environment. 


CO? Treatment Technology 
1. Outline of Technology and Products 


The CO? treatment technology can be further divided into recovery, 
liquefaction, and CO? storage technologies. The recovery technology 
consists of an alkanoramine group liquid-based chemical absorption method, 
a zeolite-based chemical absorption method, a zeolite-based adsorption 
method, and a film-separation method employing a separation membrane. 
Existing liquefaction technology, although usable, has a problem of a 
tendency to decrease in liquefaction power energy, a problem which must be 
resolved. At present, use of cold LNG is being considered. 


As for the storage technology, a deep sea storage method currently under 
investigation utilizes the characteristics of CO? (viz., it turns into a 
sherbet-like substance when atmospheric pressure is above 300 and tempera- 
tures range between 0 and 10°C). 


2. Long-Range Prediction for Practical Utilization 


n stage were to be assigned a numeric 
nt juncture rm the R&D stage would be 


If the practical utiliza 
value of 100, then the pre 
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assigned a numeric value of 30. As for the year when practical 
utilization will be achieved, of the CO, treatment technology, the 
recovery technology already has adsorption and film separation 
methods in place; it 1S estimated, therefore, that its practical 


use wil! be achieved around 2010. As for the liquefaction 
technology, all that must be done 3s to improve the existing 
technolagy. Because of the massive volume of C02 Involved, the 


storage technology has a long way to go before we can make some 
kind of estimate as to its utilization stage. One of the methods 
of storing CO? 1s to use the acean bottom, and it 1s predicted that 
partial uti1]1zat10n will be realized by the year 2010. 


Comparison of international R&D efforts at this point indicates 
that the United States 1s slightly ahead of Japan and Europe, which 
find themselves at about the same level in this field. 


Key technologies requiring breakthroughs will include development 
of materials used in separation films, adsorptian, and absorption 
liquid; also required will be a deep sea structure construction 
technology and an energy saving-type liquefaction technology. 


Obstacles to practical implementation, from the social standpoint, 
will be societal concern for how the ocean floor storage of CO2 may 
affect the ocean depths. Economic constraints will be in the area 
posed by the question of how CO2 can be put to use, as it will be 
produced in huge quantities. 


3. Impacts on Industrial Economy 
It is estimated that the market scale of the CO. treatment 
technology will reach the 100 billian-yen level around the year 


2010, when practical utilization wil! commence. 


Positive impacts of this technology on the industrial economy wl! 
include the formation of the new CO? equipment manufacturing and 


CO> waste treatment industries, and revitalization of the 
environmental pollutien equipment and the chemrcal material 
Industries. Tt will not be likely tnat ar: industry will be 


negatively impacted. 


From the standpoint of tec'inological assessment, because of the 
huge quantities of C09 being produced, 1t will be important to 
watch closely the environmental effects of treatment sites and the 
dissolution of CO. Into sea water at the ocean bottom. 


Freon Substitution Gases 


1. Outline of Technology and Products 


At present there are five types of freon which are specified as 
Vv 


toxic and must be replaced b same other sunstances. Of these, 








Substitution gases for the most widely used CFC11, CFC12, and 
CFC113 are currently under development. However, this does not 
mean that these substitutes are completely free of environmental 
pollutant; they are temporary substitute freon gases. Research and 
development of a completely harmless third generation of gases wil] 
be undertaken at sometime in the near future. 


2. Lang-Range Predictian for Practical utilizatian 


If the practical utilization of freon substitute gases we 
assigned a numeric value of 100, the current juncture of R&D for 
temporary freon substitutes would be assigned a value of 8D, which 
means that the practical utilization would be achieved around 1995. 


Comparison of international R&D efforts at this pornt indicates 
that the United S$ ahead in this field, followed by Japan; 
Europe is lagging ab 


Key technologies requiring breakthroughs will be those used 1 
Improving properties of substitute freon and in achieving low cost. 
As for obstacles to practical utilization, social constraints wil! 
be in the area of International regulations which must be 
strengthened and in the general public’s cancern for the global 
environment. 


In order to solve these pr 
government grapple with them 
development as well as from their legal aspects. 
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3. Impacts on Industrial Economy 


ution gas market 


Tt 18 estimated that the scale of t 
InN the year 1995, the year when 
r 


wil] reach the 50 billian-yen lev 


practical ut1i]1zation would be realized; for temporary freon gases, 
the 80 billion-yen level would b pached the year 2000, and 
that thereafter, growth would cease, remaining at the 80 billioan- 


yen level. 


Positive impacts on the industrial economy wil! be most'y of the 

secondary effect type; these will touch the electronic and 

refrigerator Industrie Other than these, we see nothing which 
n ) 


could be called 


Neither do we see any industry which may be negatively impacted; from the 
technological assessment standpoint, however, since temporary freon 
substitution gases will not be completely free from toxicity, the 
development of non-hazardous freon substitute gases should be pursued on a 
long-term basis. 
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Freon Recovery and Treatment Technology 
1. Qutline af Technolagy and Products 


The recovery technology of refrigerants already has been 
established, technically, simply by using a recovery container and 
pressure differential. Recovery in the purification field already 
has been perfected. Widespread use of these technologies in the 
consumer field, however, is faced with bottlenecks. Technically, 
adequate recycling treatment also can be acnieved easily. 


2. Long-Range Prediction for Practical Utilization 


If the practical utilization stage were to he assigned a numeric 
value of 100, the current juncture nm the R&D stages would be 
assigned a numeric value of 930, which means that practical 
utilization of the technology In question would be realized in 
approximately 1995. In the electronic industrial field, the freon 
recovery and treatment tecnnology already has been put to practical 
use and 1s being sold as equipment. The industry wil! be targeting 
the consumer field. Equipment to recover and treat freon from 
refrigerators and automobile/home appliance coolers is currently 
under development. 

International comparison of R&D efforts at this point indica - 
that Japan 1s ahead of the United States, and the United State 
ahead of Europe in this field. 


There are no key technologies which require breakthroughs. 


As obstacles to practical imumplementation, in terms of social 
constraints, establishment of a recovery and treatment setup for 
waste in the consumer field wl! be important. Ecanomic 
constraints include thas to deal 


e which hamper industry’s efforts 
with non-marketing principles and to achieve low costs. 
In order to solve these problems, establishment of the freon 


recovery and treatmen 
1 1 


, 


setup m" the consumer field ana an 


t 
7 
high-pressure gas cantrol law. 


aggressive national! policy aimed at excluding the technology from 
any application of the 

3. Impacts on Industrial Economy 

It 1s estimated that the scale of tne market for the complete freon 
recovery and treatment technology will be samewhere from the 8&0 
billion-yen level to the 100 bil lien-yen level. 


Positive impacts of the technology on the industrial economy wl! 
Include revitalization of the environmental control equipment 
industry which manufactures treon recovery equipment, treon 


recycling and treatment equipment, etc. 











The freon substitution gas industry will be negatively impacted as the new 
technology will be competing with that industry. 


From the standpoint of technological assessment, it will be necessary to turn 
recovered freon gas into a non-hazardous substance and to discard it. 


Nature-Degradable Plastics 

1. Outline of Technology and Products 

Of natural decay plastics, R&D of photodeqradable plastic and 
t 


biodegradable plas currently mn progress. Recause its 


j re 
characteristics limit the area f applicativans and because 
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2 
decomposition does not ake place if no light 3s available 
photodegradation plastic 3s not suitable for general use as 
wrapping materyval. Biodegradable plastic, an the other hand, 1s 
a plastic materia! decomposed by microarganisms 1n Nature. The 
latter technology 1s cu tly under development, and can truly be 


um 
called the technology of 


2. Long-Range Prediction for Practical Applicatian 


Tf the practical utilization of the nature-degradable plastic 
e to $< 


were 2 be assigned a numeric value of 100, then the present 
Juncture in the totality of R&D stages would be assigned a numeric 
value of 30, which means that its practical utilization will be 
realized in approximately the year 2020. 


Comparison of advanced industrial on 
point indicat he United Sta 
followed by Europe and Japan, in that orde 
1S trailing in this freld is that regulate 
plastics already have heen established. 
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Key technologies requiring breakthroughs wil! include biotechnology 
and high polymer technology. 


Obstacles tc 


Oo practical utilization in terms of societal canstrarnts 
will be the need for government support in terms of funding and 
organizational setups and regulations governing use of currently 
available plastics. We percelve see economic constraints In the 
areas of creating a market and lowering costs without, at the same 
time, violating laws and regulations. 

Solutions of these problems wil! depend on the country’s 
willingness to do something about th 
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Impacts on Industrial Economy 


Tt 3S estimated that the market scale of tne nature-degradable 


wil) reach 190 bi}lion-yen level in the year 2020 





when practical uti!1 


Zation will be realized. By the year 2010, It 
1s estimated that it will 


111 reach the 500 billian-yen level. 
A positive Impact on the industrial economy will be the 
revitalization of the packaging-machine material industry. 


ively impacted are the refuse 


Industries which wi!!! be nega 
ckaging material (for inventory 


T 
Incinerator industry and plastic op 
goods) industry. 
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From the standpoint of technological assessment, it wil! be 
necessary to bear in mind that areas of garbage dispc 

Vary greatly, depending upon 
biodegradation process. 


sal sites wil! 
the amount of time required by the 
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